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ABSTRACT
S ta u f fe r ,  James M., M.A. June, 1976 Botany
Ecology and F lo r is t ic s  o f  Ohio S lide  and Other Avalanche Tracks in  
Lost Horse Canyon, B i t te r r o o t  Mountains, Montana
D ire c to r :  J.R. Habeck
The composition and d is t r ib u t io n  o f  vascular p la n t species on 
Ohio S lide and other snow avalanche s ite s  in Lost Horse Canyon were 
determined using the canopy-coverage method o f  vegetation ana lys is . 
Factors responsible fo r  the d is t r ib u t io n  o f  these species were 
also determined.
The assemblages o f  p lan t species present on avalanche tracks were 
found to  be dependent on the in te rv a l between successive d is tu r ­
bances as well as the slope exposure. Some o f  the tracks s l id e  
in f re q u e n t ly ,  fo l lo w in g  a nearly p red ic tab le  successional sequence 
to the o r ig in a l  undisturbed fo re s t ;  w h ile  o thers , such as Ohio 
S l id e ,  experience frequent avalanching, thus maintain ing e s s e n t ia l ly  
unique assemblages o f  p lan t species.
D is t r ib u t io n  o f  the 151 species present on Ohio S lide  is  p r im a r i ly  
regulated by s o i l  moisture le ve ls .  W ith in  the community types 
designated on Ohio S lide the species d iv e rs i ty  ranged from 14 to 
56 species.
Of those avalanche tracks th a t  are frequen tly  d is tu rbed, northern 
exposures maintain a homogeneous cover o f  Acer qlabrum and S a lix  
scou le r iana , species well adapted to  frequent snow disturbance.
On southern exposures moisture becomes a l im i t in g  fa c to r  and the 
arborescent angiosperms th a t  are well adapted to frequent d is ­
turbance do not necessarily  predominate. A mosaic o f  community 
types re s u lts  w ith  arborescent angiosperms l im ite d  to those s ite s  
w ith  high s o i l  moisture. The remainder o f  the s ite s  are composed 
o f  small con ife rs  and herbaceous species.
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Chapter I 
INTRODUCTION
One group o f  disturbance communities which has often been 
overlooked, o r a t  best, mentioned only b r i e f l y  by in ve s t ig a to rs  
o f  the subalpine fo re s ts ,  includes those p lan t communities formed 
as a re s u l t  o f  avalanching snow. Although the physical nature o f  
snow and the weather pa tterns associated w ith  extensive avalanche 
a c t i v i t y  have been studied ex te ns ive ly , the e f fe c ts  th is  type o f  
d isturbance has on p la n t d is t r ib u t io n s  and community compositions 
remain to be determined. The vegeta tional component o f  a snow 
s l id e  area appears to be determined by the average in te rv a l be­
tween successive avalanches (Schaerer, 1973). On s ite s  which 
experience avalanche disturbance once in  50 to 100 years, a la rge 
amount o f  i n i t i a l  des truc t ion  takes place; however, the successional 
development to the o r ig in a l  undisturbed community types genera lly  
fo llow s a nearly  p red ic tab le  recovery sequence. Since these la t t e r  
types o f  areas are on ly tem pora r i ly  d is tu rbed , l i t t l e  has been 
done to understand the s p e c if ic s  o f  snow s l id e  vegetation.
Conversely, there are many avalanche s ite s  tha t have the 
p o te n tia l to experience snow s lide s  as o ften  as two to three times 
in  one season (Smith, 1973). The in fluence  o f  th is  type o f  f r e ­
quent d isturbance on p lan t communities e s s e n t ia l ly  involves se lec­
t io n  fo r  and maintenance o f  those p lan t species th a t  are best
adapted to a high frequency o f  d isturbance. This s o r t  o f  s i tu a t io n
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leads to the perpetuation o f  community types th a t  are genera lly  
very d i f fe re n t  from those community types o f  the adjacent 
subalpine fo re s t .
One drainage in  the B i t te r r o o t  Mountains where avalanche 
disturbance occurs is  Lost Horse Creek (F ig . 1). Scattered ava­
lanche tracks occur throughout the western end o f  the canyon; the 
la rg e s t o f  these is  Ohio S lide  (P la te  I ) .  A photograph o f  the 
lower po rtions o f  Ohio S lide  taken by Lei berg (1899) ind ica tes  
th a t the p la n t communities have changed very l i t t l e  over the past 
77 years. The maintenance o f  these community types, as a re s u l t  o f  
avalanche d is tu rbance, warrants fu r th e r  in v e s t ig a t io n  in to  the f l o ­
r i s t i c s  and ecology o f  these snowslide s i te s .
The ob jec tives  o f  th is  study included: 1) determ ination
o f  the array o f  community types occupying Ohio S lid e , a documenta­
t io n  o f  the species composing them, and the fac to rs  responsib le 
fo r  the d is t r ib u t io n  o f  these p lan ts  and p lan t communities; 2) 
com pila tion o f  species presence data fo r  a series o f  s l id e s  in  Lost 
Horse Canyon to determine the d is t r ib u t io n  patterns o f  species on 
s l id e  tracks o f  d i f fe r e n t  dimensions and exposures; and 3) exp lo r­
a t io n  o f  techniques useful in  estim ating the frequency o f  snow s l id e  
disturbance through vegetation ana lys is .
Because o f  the r e la t iv e ly  recent a t te n t io n  given to ava­
lanche vegeta tion , the re s u lts  o f  th is  study w i l l  hope fu lly  provide 
a s ta r t in g  po in t fo r  fu tu re  snow s l id e  stud ies in  Lost Horse Canyon.
Figure 1. Map o f  the B i t te r ro o t  Mountain Range and surrounding area.
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Plate 1. Aeria l photograph o f  the avalanche tracks in  upper Lost 
Horse Canyon.
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Chapter I I  
LITERATURE REVIEW
Snow Avalanches
A c la s s i f ic a t io n  o f  snow avalanches is  based on the 
cond itions  present a t  the p o in t  o f  o r ig in  as well as the character 
o f  the avalanche over the length o f  i t s  path (F ig , 2). The two 
basic types o f  avalanches are the loose snow type and the slab type, 
each o f  which may be fu r th e r  d iv ided in to  wet and dry types de­
pending upon the amount o f  l iq u id  water in  the snow. A slab or 
loose snow avalanche is  c la s s i f ie d  as wet, i f  free water can be 
squeezed from the debris (USDA Forest Service, 1971).
A t i t s  p o in t  o f  o r ig in ,  a loose snow avalanche has l i t t l e  
in te rn a l cohesion and tends to move as a formless mass. The s l id e  
s ta r ts  a t  a po in t o r small area on a slope and grows in  s ize  as 
the q u a n t ity  o f  snow increases. The loose snow avalanches are the 
most common type and, in  most cases, are o f  minor size and s i g n i f i ­
cance (USDA Forest Service, 1968). In many cases, such avalanches 
a c tu a l ly  act as a s ta b i l i z in g  fa c to r  which in h ib i t s  the develop­
ment o f  s lab avalanches on steeper slopes.
Slab avalanches, on the o ther hand, are characterized by 
in te rn a l cohesion o f  the snow invo lved. The degree o f  cohesiveness 
may vary, but slabs genera lly  begin over a la rge area, leave a 
w e ll-d e f in e d  f ra c tu re  l i n e ,  and form a w e ll-d e f in e d  s l id in g  la ye r .
Figure 2, Snow avalanche c la s s i f ic a t io n  according to  USDA Forest 
Service (1968).
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The m a jo r i ty  o f  the avalanches stud ied by Eversman (1974) in  the 
Bridger Range, near Bozeman, Montana, were o f  the slab type.
Avalanches genera lly  do not o r ig in a te  in  dense stands o f  
trees which are t a l l  enough to remain well above the maximum snow 
depths (USDA Forest Serv ice, 1968). Although heavy timber genera lly  
acts as an in h ib i t o r  in  the release o f  avalanches, tree  cover is  
usua lly  not adequate to stop s lide s  o r ig in a t in g  from open slopes 
above forested  areas.
The p e r io d ic i ty  o f  avalanches is  determined more by c l i ­
mate (frequency and magnitude o f  snow fa lls , maintenance o f  tem­
peratures close to  0°C., and d i re c t io n  and speed o f  wind) than 
by topographic ( te r ra in )  c h a ra c te r is t ic s  (Schaerer, 1973). Con­
c lus ions about the importance o f  te r ra in  in fluences on avalanche 
occurrence can only be made in  reference to c lim ate  fa c to rs .  
Therefore, snow avalanche a c t i v i t y  on id e n t ic a l  te r ra in  in  d i f ­
fe re n t regions may vary depending upon loca l c l im a t ic  cond it ions .
Fox (1973), in  the Cascade Mountains o f  western Washington, co r­
re la ted  widespread avalanching w ith  subs tan tia l snowfalls 
fo llowed by warming to temperatures near or above freez ing .
The slope in c l in e  o r p i tc h  appears to be the most 
important te r ra in  parameter re levan t to  the frequency o f  occur­
rence o f  snow avalanches. Other parameters inc lude : vegetation
cover, ruggedness (surface i r r e g u la r i t y )  o f  the te r r a in ,  and slope 
exposure to  wind and sun (Schaerer, 1973; USDA Forest Service, 1968). 
Schaerer (1973), working a t  Roger's Pass, B r i t i s h  Columbia, found 
th a t  the production o f  la rge  avalanches required a steeper in c l in e
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on open slope faces than in  natura l channels such as g u l l ie s ,  troughs, 
and v a l le ys .  One reason fo r  th is  is  th a t  g u l l ie s  tend to experience 
many small avalanches and the snow deposited w ith in  them forms a 
smooth g l id in g  surface.
Avalanches o f  la rge  s ize usua lly  o r ig in a te  on slopes 
steeper than 25 degrees but less than 60 degrees; th is  is  due to 
the fa c t  th a t slopes greate r than 60 degrees continuously s l u f f  
much o f  t h e i r  snow because the slope is  too steep to hold i t .
Slope angles a t  the f ra c tu re  l in e s  o f  major avalanche paths w ith in  
the A lta  Ski Area, Utah, range from 35 to 40 degrees (USDA Forest 
Service, 1968). Avalanches begin to decelerate and deposit snow 
when the in c l in e  drops below the c r i t i c a l  angle o f  28 degrees. How 
fa r  the snow f ro n t  runs past th is  po in t depends on the speed a tta ined  
in  the track  and the volume o f  snow coursing downslope (Schaerer, 
1973).
Roughness o f  the ground surface plays an important ro le  
in  determining the amount o f  snow needed to f i l l  in  the te r ra in  
i r r e g u la r i t ie s  which is  a necessary process in  p rov id ing a smooth 
g l id in g  surface. Surface c o n f ig u ra t io n  also con tro ls  the amount 
o f  snow creep motion over the ground and a f fe c ts  the a b i l i t y  o f  
snow to avalanche over the ground i t s e l f  (USDA Forest Service,
1968). Smooth, grassy slopes favor avalanche development, fo r  
very l i t t l e  snow is  required to  f i l l  in  the te r ra in  i r r e g u la r i t i e s .  
Snow creep on such s ite s  is  very rap id . In c o n tra s t ,  a f i e l d  o f  
la rge  boulders may requ ire  up to  s ix  fe e t  o f  snow to  form a smooth 
g l id in g  surface. Creep, in  th is  case, is  slow and ground avalanches
are p r a c t ic a l ly  unknown.
The o r ie n ta t io n  o f  slope faces to  p re v a i l in g  storm winds 
and so la r  ra d ia t io n  has a prime in fluence  on avalanche development. 
The amount o f  heat the snow surface receives from the sun is  d i ­
r e c t ly  dependent on both slope angle and o r ie n ta t io n  (USDA Forest 
Service, 1968). North fac ing slopes receive very l i t t l e  heat from 
the sun during the w in te r  and those th a t  exceed a c r i t i c a l  angle 
may receive l i t t l e  or no heating during th is  period. I t  is  on 
these north fac ing slopes th a t  dry s l id e s  can be expected to  be 
most frequent during the w in te r  months, a l l  o ther fac to rs  being 
equa l.
South slopes receive the f u l l  b e n e f i t  o f  so la r  ra d ia t io n  
during the w in te r  and e a r ly  spring and the steeper slopes approach 
being perpendicular to the sun's rays which enhances snow s t a b i l i t y  
by d e s truc t ive  metamorphism and settlement o f  snow c ry s ta ls  (USDA 
Forest Service, 1968). As spring approaches, the heat supply in ­
creases to a p o in t where m elting occurs and south fac ing slopes 
become the s i te  o f  i n s t a b i l i t y  and wet snow avalanching.
Lee slopes which receive the heaviest accumulations o f  
snow during the w in te r  are also frequent avalanche s i te s .  Snow 
o ften  accumulates ra p id ly  during storms and is  most l i k e ly  to be 
deposited in  unstable s labs. In a d d it io n ,  these slopes are o ften  
overhung w ith  cornices which provide e f fe c t iv e  t r ig g e rs  i f  they 
f a l l .  Windward slopes receive less snow and the wind action  tends 
to  compact and s ta b i l iz e  the snow deposited.
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Vegetation Relationships
Vegetation m o d if ica t io n s , caused as a re s u l t  o f  avalanching 
snow, have only recen tly  become a to p ic  o f  in te re s t .  The m a jo r ity  
o f  these stud ies have involved highway departments, ski areas, or 
ra i lro a d s  and are mainly concerned w ith  fo rca s t in g  and preventing 
d e s tru c t ive  avalanches. Eversman (1974) s tud ied the vegetation o f  
avalanche tracks and adjacent areas o f  B ridger Bowl Ski Area in 
south cen tra l Montana. Artem is ia  ludovic iana was found to be the 
dominant taxon on the open slopes a t 1830 m. w ith  moderate amounts 
o f  A ch il le a  m i l le fo l iu m , Geranium viscossissum, and Arenaria con- 
gesta. Species from the Gramineae ( Melica s p e c ta b i l is , Poa sp. , 
Agrostis  scabra. Dactyl is  glomerata. Phieum pratense, Elymus 
v i r g in ic u s ) co n s t itu te d  approximately 5% o f  the to ta l  cover w ith  
a combined frequency o f  72%. Wetter s i te s  were dominated by 
Erythroni um grand if lo ru m , Veratrum vi r id e , Delphinium o cc id e n ta le , 
Mertensia o b lo n g i fo l ia , and C laytonia la nce o la ta . Although ava­
lanche frequency is  unknown, conclusions drawn from th is  study in ­
dicated tha t p lan t communities and patterns o f  vegetation have 
developed as a re s u lt  o f  the to ta l  environment o f  the area and 
not s o le ly  due to snow movement pa tte rns .
Areas o f  extensive avalanche and la n d s lid e  a c t i v i t y  in  the 
Cascade Mountains have e lim ina ted  la rge areas o f  timber from the 
steep slopes and ad jo in ing  v a l le y  bottoms (F ra nk lin  & Trappe, 1963). 
Diverse shrub and herb communities have developed in  the c le a r in g s ,  
many appearing to be maintained as topoedaphic climaxes by recu r­
r in g  avalanches. The three major groupings o f  vegetation on these
avalanche chutes inc lude : 1) those dominated by Alnus s inuata or
A. incana, 2) those dominated by Acer c irc ina tum  or A. glabrum 
v a r . d o u g la s i i , and 3) those dominated by herbaceous species in  
general.
Fonda and B liss  (1969) ind ica ted  th a t  snow avalanches tend 
to fo l lo w  the same tracks year a f te r  year in  the Olympic Mountains 
o f  Washington. Because o f  t h is ,  a unique vegetation develops in  
response to avalanche a c t i v i t y .  Alnus sinuata was among the species 
observed to  be able to w ithstand repeated disturbance due to  the 
sp ringy , r e s i l i e n t  nature o f  i t s  branches and leaders. This has also 
been documented fo r  a lp ine  la rch  ( La rix  l y a l 1i i ) ,  in  the B i t te r r o o t  
Mountains, according to Arno and Habeck (1972). This tree  species 
reaches a ce r ta in  c r i t i c a l  s ize  (15 cm. dbh) a t which time i t  becomes 
susceptib le  to breakage.
According to F rank lin  and M itch e ll (1967), subalpine f i r  
(Abies la s io ca rp a ) is  an important pioneer species on many severe, 
high e leva tion  s i te s ,  such as ta lus  and avalanche tracks . In the 
Cascade Mountains, subalpine f i r  is  genera lly  replaced succession- 
a l l y  by P a c if ic  s i l v e r  f i r  (Abies a m a b il is ) and mountain hemlock 
(Tsuga mertensiana) ; however, on many avalanche tracks , i t  is  able 
to perpetuate i t s e l f  and remains the dominant tree  species in  these 
disturbance communities. Forested areas w ith  l i t t l e  or no sub­
a lp ine  f i r  o ften  have loca l snow s l id e  areas where the species is  
abundant.
Schaerer's (1973) study in  B r i t is h  Columbia, dea lt  w ith  
the age and height o f  trees in  the avalanche outrun zones. The
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ages o f  the trees found on avalanche tracks are sometimes assumed 
to be equal to the number o f  years th a t  have passed since the la s t  
la rge avalanche; however, th is  is  true  on ly fo r  s i te s  where avalanches 
happen so ra re ly  th a t  mature timber is  destroyed when they do occur.
In such s i te s ,  seedlings begin to grow in  the cleared area a year 
la te r  and an even aged stand re s u lts .  In  s i te s  o f  more frequent 
avalanches, the trees are destroyed whenever they reach a c r i t i c a l  
age and he ig h t,  which re s u lts  in  a stand o f  small trees o f  various 
ages.
One o f  the more in te re s t in g  conclusions o f  Schaerer's 
study was th a t  he igh t,  ra th e r  than the age o f  the t re e s ,  de te r­
mines how they react to avalanches. The fo l lo w in g  categories o f  
avalanche frequency and in te n s i ty  were developed from th is  
Canadian study:
Group I .  A lder (Alnus incana) and w il lo w  ( S a lix  sp. )
brush (no coniferous trees higher than 1,5 m .):
Large avalanches occur f re q u e n t ly ,  usua lly  once 
per year.
Group I I ,  Few la rge tree s , Engelmann spruce (Picea engel- 
manni i ) ,  western red cedar (Thuja p l ic a ta )T and 
mountain hemlock, no branches on the up slope 
side below 8 m. above the ground, few small 
trees : Avalanches occur every one to three 
years. Snow deposit from avalanches does not 
exceed 1 m.
Group I I I .  No la rge  trees and no dead wood from large
trees. Picea engelmannii in  the 3.5 to 4.5 m. 
he ight class w ith  damaged branches and bark:
Large avalanches occur about once every three to 
ten years and deposit deep snow.
Group IV, Broken la rge  trees (Picea engelmannii. Thuja
p l i c a ta , and Tsuga mertensiana) and~dense growth 
o f  small tre e s : Large avalanches occur not more 
f req ue n t ly  than once every 10 years and probably 
not once in  30 years.
Smith (1974), in  con junction w ith  the Washington Highway ^^ 
Department, examined the vegeta tion on a number o f  avalanche ou t­
run zones along the North Cascade Highway near the Washington- 
B r i t is h  Columbia border. Wet to mesic areas, a t  lower e le va tion s , 
on s lide s  w ith  high avalanche frequency, were commonly dominated by 
angiospermous shrub communities. Even r e la t iv e ly  in frequen t 
avalanche a c t i v i t y  was s u f f ic ie n t  to maintain these communities.
D r ie r ,  high e leva tions s i te s  sub ject to  frequent avalanches, sup­
ported con ife rs  ra th e r than angiosperms, probably due to  env iron­
mental cond itions ra th e r than avalanche a c t i v i t y .  S ites o f  medium 
avalanche a c t i v i t y  (10 to 20 ye a rs ) ,  where the avalanche d id not 
s l id e  d i r e c t ly  on the ground, were occupied by con ife rs  o f  various 
ages. However, they are c o n t in u a l ly  trimmed o f f  by avalanche 
a c t i v i t y  a t  a ce r ta in  he ight above the ground. Younger trees 
estab lished themselves success fu lly  and had the p o te n tia l to 
surv ive  many years, p rov id ing  they maintained s u f f ic ie n t  func tiona l 
fo l ia g e  below the leve l o f  trimming. These s ite s  are common on 
exposed rocky areas where moisture and temperature extremes prevent 
the establishment o f  la rg e r  angiosperms (Smith, 1973).
Chapter I I I  
STUDY AREA
Geography
The main study area is  Ohio S lide  located in  Lost Horse 
Canyon o f  the B i t te r r o o t  Mountain Range (F ig . 3). The B i t te r r o o t  
Range occupies an area approximately 16 km. east and west and 115 
km. north and south; the natura l northern boundary is  Lolo Creek, 
w h ile  the southern boundary is  formed by the West Fork o f  the 
B i t te r r o o t  R iver and i t s  t r ib u ta r ie s  (F ig . 1). The range is  char­
ac te r ized  by a steep north-south extending ridge w ith  many cirques 
framed by high ridges th a t  extend in  an eastward d i re c t io n  and 
drop o f f  ab ru p t ly  near the B i t te r r o o t  Va lley . Between the east- 
west ridges are deep, narrow canyons formed by s w i f t - f lo w in g  streams, 
Lost Horse Creek is  located in  the center o f  the range between 
Hamilton and Darby, Montana (F ig . 1). The peaks and ridges o f  th is  
p a r t ic u la r  section o f  the B i t te r ro o ts  do not a t ta in  the e leva tion  
found fu r th e r  south in  the range, nor do they maintain the fo re s t  
vegetation cover present on many o f  the peaks to  the north. Other 
avalanche tracks th a t  were included in  the study are Twin S lides , 
Adjacent S lid e ,  Big S l id e ,  North Fork S lide and North Slope S lide 
(F ig . 3).
Lost Horse Canyon is  characterized by steep, sharp-crested
ridges w ith  many o f  the upper slopes covered w ith  coarse g ran ite
ta lu s  and boulder f ie ld s .  The growth o f  trees o ften  ceases fa r
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Figure 3. Avalanche tracks examined in  Lost Horse Canyon and 
snow-course recording s ta t io n s .  Ohio S lide  (1 ) ,  Big S lide  (2 ) ,  
Adjacent S lide (3 ) ,  Twin S lides (4 ) ,  North Slope S lide  (5 ) ,  North 
Fork S lide (6 ) ,  Twelve-Mile recording s ta t io n  (a ) .  Lost Horse 
Ranger S ta tion recording s ta t io n  (b ) .  Twin Lakes recording 
s ta t io n  (c ) .
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below c l im a c t ic  t im b e r l in e  in  response to  topoedaphic fa c to rs .  20 
Lost Horse Creek o r ig in a te s  a t Twin Lakes (e leva tion  1951 m.) 
near the Idaho-Montana d iv id e ,  and flows in  an e a s te r ly  d ire c t io n  
fo r  approximately 32 km. before i t  jo in s  w ith  the B i t te r ro o t  
River 13 km. south o f  Hamilton (F ig . 1).
Geology
The B i t te r r o o t  Mountains were formed by in tru s io n  and 
block fa u l t in g  and are genera lly  composed o f  massive, non-a ltered 
g ra n ite  (Lindgren, 1904), The section o f  the range o f  which Lost 
Horse Canyon is  a p a r t  is  re la ted  to  the in tru s io n  o f  the Idaho 
B a th o l i th ;  the age is  estimated to be between the la te  Jurassic 
and middle Cretaceous. The b a th o l i th  is  composed o f  a f a in t l y  
gneiss ic quartz monzonite. Lindgren (1904) summarized the geologic 
h is to ry  o f  the Idaho B a th o l i th  as fo llow s :
The geologic h is to ry  o f  th is  region probably 
begins w ith  deposit ion  o f  precambrian sediments on a 
basement o f  gneiss. Much la te r ,  in  ea r ly  Mesozoic tim e, 
sediments, accompanied by basic lavas, were la id  down 
on the western side o f  the area described. G ran it ic  
in tru s io n s  fo llowed or accompanied a great u p l i f t  o f  
these sediments and an a c t ive  erosion reduced the sur­
face to moderate r e l i e f .  A l l  th is  is  believed to have 
been accomplished before the beginning o f  the Cenozoic 
era.
A second u p l i f t  ra ised the reduced topography 
to the present leve l o f  the great Clearwater Plateau 
which probably extended fa r  in to  Montana. The B i t te r ro o t  
Range was d i f fe re n t ia te d  by the remarkable f l a t  f a u l t ,
60 miles long, which now forms i t s  eastern slope.
U n t i l  P le istocene tim e, running water was probably the 
major agent scu lp tu r in g  the B i t te r r o o t  Range. A rectangu la r stream 
pa tte rn  o f  trunk canyons jo ined  a t r ig h t  angles by la te ra l  t r i b u ­
ta r ie s  resu lted  from the perpendicu lar alignment o f  two in te rs e c t in g
j o i n t  systems in  the bedrock (Bea tty , 1962). High terraces o f  
f lu v ia l -d e p o s i te d  m ateria ls  f r in g in g  the B i t te r r o o t  Front witness 
the e f fe c t  o f  stream erosion (McMurtrey, 1959).
During the Iowan, I l l i n o ia n ,  and Wisconsin stages o f  
P le istocene g la c ia t io n ,  the range was covered by a continuous ice 
sheet, from which g la c ie r  tongues extended in to  each trunk canyon 
(L indgren, 1904; Alden, 1953). Analysis o f  terminal moraines on 
the edges o f  the B i t te r r o o t  Va lley in d ica te  th a t Lost Horse Creek 
g la c ie r  reached a maximum length o f  26 to 28 km. (Alden, 1953).
Climate
The ove ra l l  c lim ate  o f  Montana west o f  the con tinenta l 
d iv id e  might be properly  ca l le d  a modified Northern P a c if ic  Coast 
type. In comparison w ith  Montana east o f  the d iv id e ,  w in ters  in  
western Montana are genera lly  m ild e r;  p re c ip i ta t io n  is  usua lly  
more evenly d is t r ib u te d  throughout the year and summers are coo le r 
w ith  l ig h te r  winds (C o rde ll,  1960).
The average annual p re c ip i ta t io n  above the Clearwater 
Mountains in  Idaho is  130 to 150 cm.; however, on ly one-ha lf o f  
th a t  amount f a l l s  on the con tinen ta l d iv id e ,  200 km. east.
W ithin the B i t te r r o o t  Range, a lessening o f  p re c ip i ta t io n  is  ev ident 
from the northeast toward the southwest (Lackschewitz, 1970). Lolo 
Pass (e le va tio n  1737 m.) located 80 km. to the north o f  Lost Horse 
Creek receives an average annual p re c ip i ta t io n  o f  130 cm. w h ile  Nez 
Perce Pass (e leva tion  2004 m .), 65 km. to the south, has an average 
annual p re c ip i ta t io n  o f  86 cm. (F ig. 1). The m a jo r ity  o f  the
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p re c ip i ta t io n  f a l l s  as snow during the la te  f a l l ,  w in te r ,  and ea r ly  
sp r ing , a f te r  which a very dry period normally fo llow s from Ju ly  
to  September. Arno (1970) suggested th a t a lp ine  la rch  stands in  
the B i t te r r o o t  Range (normally found in  the t im b e r l in e  zone) 
receive an average annual p re c ip i ta t io n  o f  100 to 115 cm. w ith  snow 
pack depths reaching an average maximum depth o f  3 m. sometime in  
A p r i l .
Snow course data from three s ta t ions  (F ig. 3) located in  
the upper end o f  Lost Horse drainage are shown in Appendices A-1,
A-2 and A-3.
The only temperature data a va ilab le  fo r  high e leva tions in 
the B i t te r r o o t  Mountains are those taken from two temporary weather 
s ta t io n s  estab lished by Arno and Habeck (1972) in  Ju ly  o f  1967 
on Saint Mary Peak (e leva tion  2850 m.) and McCalla Lakes (e leva tion  
2445 m.). Appendix A-4 provides the temperature data fo r  the 1968 
calendar year which these authors be lieve express nearly average 
condi t ion s .
So ils
The s o i l  group common to undisturbed s ite s  in  upper Lost 
Horse Canyon is  a Brown Podzol th a t  Nimlos (1963) and F rank lin  & 
Dyrness (1970) associated w ith  subalpine f i r  and the w e tte r h a b ita t  
types o f lodgepole pine ( Pinus co n to r ta ) ,  D o u g la s -f ir  (Pseudotsuga 
m enz ies ii) ,  and Engelmann spruce. The most d iagnostic  fea tu re  o f  
th is  s o i l  is  a B^^ horizon from 10 to  45 cm. th ic k .
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Soil development d i r e c t ly  on avalanche tracks depends on 
the frequency o f  avalanche disturbance and o ther fac to rs  a f fe c t in g  
s o i l  erosion. The s o i ls  o f  the smaller s l ide s  w ith  in frequen t 
avalanche disturbance are s im i la r  to  the adjacent fo re s t  s o i ls .
Many o f  the avalanche tracks th a t  s l id e  f re q u e n t ly ,  however, o ften  
have more bedrock, ta lu s ,  o r gravel than anything resembling a well 
developed s o i l .
Vegetation
The general v e r t ic a l  tree d is t r ib u t io n s  in  the B i t te r r o o t  
Range have been i l lu s t r a te d  by Arno and Habeck (1972). This 
graphical ana lys is  portrays the approximate upper and lower e le ­
vation l im i t s  w i th in  which in d iv id u a l tree  species are found in  
re la t io n  to  north and south slope aspects (F ig . 4 ).
North fac ing  slopes are genera lly  cool and m oist, e f fe c t ­
iv e ly  lowering the e leva tion  at which the subalpine components 
become prominent. Southern exposures, on the o ther hand, are d r ie r  
and warmer, and lower zone tre e s , such as ponderosa pine (Pinus 
ponderosa) extend th e i r  e leva tiona l range. On southern slopes in 
p a r t ic u la r  vast amounts o f  ta lus  and exposed bedrock s t i f l e  normal 
vegetational development and con tr ibu te  to  the development o f 
unique vegetation pa tte rns .
The maritime in fluence  in  the B i t te r r o o t  Mountains favors 
the occurrence o f  a small number o f  P a c if ic  Coast species th a t  are 
found in  the Lost Horse f lo r a .  Two coastal species, western white 
pine (Pinus m on tico la ) and western red cedar (Thuja p i ic a ta ) are 
found only in  scattered lo ca t ions  along the canyon bottom. Two
Figure 4. Vertical tree d is tr ib u t io n  on a hypothetical N-S transect in the B it te r ro o t  Range 
(Arno and Habeck, 1972).
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o the r maritime species which are important to  the s tru c tu re  o f  ^6 
c e r ta in  subalpine communities inc lude rus ty  menziesia (Menziesia 
fe r ru g in e a ) and beargrass (Xerophyllum tenax). Menziesia is  an 
important understory shrub in  various hab ita ts  o f  the Abies la s io ca r-  
pa series ( P f is te r  e t  , 1974) w h ile  Xerophyl1um tenax is  the 
dominant species represented on open slopes above 1676 m. in  e le ­
va tion .
Leiberg (1899) described the vegetation adjacent to Ohio 
S lide  as con s is t in g  o f  pure lodgepole pine stands along the creek 
bottom and mixtures o f  lodgepole p ine , subalpine f i r ,  Engelmann 
spruce, and whitebark pine (Pinus a lb icau l i s ) on the nearby slopes. 
The lodgepole pine is  s t i l l  represented in  the streams!de fo re s t ;  
however, the s i t e  now includes a m ixture o f  subalpine f i r ,  Douglas- 
f i r ,  and la rge Engelmann spruce.
Along the r idge l in e  (2425 m. e leva tio n )  above Ohio S lid e , 
a la rge number o f  whitebark pine snags are e a s i ly  v is ib le .  These 
snags are e v ide n t ly  the re s u l t  o f  severe mountain pine beetle 
outbreaks between 1909 and 1940 (Roe, 1970, as c ite d  by Arno and 
Habeck, 1972). Presence o f  these snags s trong ly  suggests th a t  the 
" t im b e r l in e "  found throughout much o f  upper Lost Horse Canyon is  
induced by loca l physiographic, ra the r than c l im a c t ic ,  fa c to rs .
Snow Avalanche Occurrence in  the B i t te r r o o t  Mountains
Examination o f  recent a e r ia l photos ind ica tes  th a t the 
avalanche a c t i v i t y  in  Lost Horse Canyon is  not an iso la te d  occur­
rence in  the B i t te r r o o t  Range, The northern p o rt io n  o f  the range 
d isp lays a lesse r degree o f  s l id e  d is tu rbance, probably due to the
fa c t  th a t the slopes are more un ifo rm ly  fo rested . Most major 27
drainages in  the cen tra l and southern po rtions o f  the range, however, 
have small to  extensive areas o f  d isturbance (F ig . 5). Care must 
be taken in  the in te rp re ta t io n  o f  a i r  photos, because the B i t te r r o o t  
Range contains numerous ta lu s  s l id e s  which appear q u ite  s im i la r  to 
avalanche tracks . The p o s s ib i l i t y  ex is ts  tha t ta lus  slopes also 
experience some avalanching; however, the vegetation on such s ite s  
is  being l im ite d  p r im a r i ly  by the coarse ta lu s  ra th e r than by 
p e r io d ic  snow disturbances; these areas are not d e a lt  w ith  in  th is  
re p o r t .
South o f  Lost Horse Creek are f iv e  canyons which contain 
s ig n i f ic a n t  numbers o f  snow avalanche tracks . The s lides  here are
genera lly  c lus te red  w i th in  a d istance o f  less than 3 km. Rock Creek,
Trapper Creek, and Boulder Creek (F ig. 5) a l l  contain small segments 
near t h e i r  upper reaches in  which two to fou r s lides  are present.
Areas o f  more intense avalanche a c t i v i t y  inc lude the North 
Fork o f  Trapper Creek, southwest o f  Sugarloaf Peak, which e x h ib its  
a series o f  8 to 10 small s l id e s ,  and the Tin Cup Creek drainage 
which contains a group o f  fou r la rge avalanche tracks approximately 
1 km. below Tin Cup Lake. A l l  o f  these s lide s  occur on south 
fac ing  slopes.
Reduced avalanche a c t i v i t y  north o f  Lost Horse Creek is
found in  the upper reaches o f  Sawtooth Creek, M i l l  Creek, and
B lodgett Creek (F ig. 5 ). Upper Fred Burr Creek appears to have the 
grea tes t concentra tion  o f  s l id e s  found anywhere in  the B i t te r r o o t  
Range, in c lu d in g  Lost Horse Creek. Unique to th is  s l id e  complex 
is  the western aspect o f  the s l id e s .
Figure 5. Drainages conta in ing avalanche tracks in  the B i t te r r o o t  
Range.
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Chapter IV 
FIELD AND LABORATORY METHODS
Community Se lection
The se le c t io n  o f  one s l id e  system to concentrate in tens ive  
vegetation ana lys is  was necessary due to  time and access l im i t a ­
t io n s .  Ohio S lide  was the obvious choice, in  th a t  i t  contained 
the most diverse number o f  community types common to snow s lides  
o f  the Lost Horse Canyon area. Se lection o f  community samples on 
Ohio S lide  was somewhat a rb i t r a r y .  Due to the steepness o f  the 
moisture g ra d ie n t,  re s u lt in g  from ru n o ff  p a tte rns , many o f  the 
communities are sharply defined (d iscontinuous) by abrupt changes 
in  species d is t r ib u t io n s .  Homogeneity, in  re la t io n  to  p lan t 
d is t r ib u t io n ,  is  based on sub je c tive  c r i t e r i a  and d iffe rences 
in  leve ls  o f  homogeneity and d iv e rs i ty  as a re s u l t  o f  environmental 
changes are considered s u f f ic ie n t  in  de lin e a t in g  communities 
(Greig-Smith, 1964). Choate (1963) observed th a t  communities on 
steep slopes, wet o r  dry ledges, r idges, and boggy depressions 
were more e a s i ly  de lineated than those found on ge n t le r  slopes and 
moderately drained meadows.
Sampling Techniques
W ith in  each v is u a l ly  defined community, coverage and
frequency data were tabu la ted . Rectangular quadrats, 20 and 50 cm.,
were employed as recommended by Daubenmire (1959) fo r  subalpine
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herbaceous vegeta tion and quadrats fo r  shrubs and tree  sap lings. 
Tree species occu rr ing  on the s l id e  were small enough to  be sampled 
as shrubs. Quadrat placement was done randomly; the usual procedure 
involved fo l lo w in g  a Z pa tte rn  transec t w i th in  each community.
A f te r  the 20 and 50 cm. quadrat was pos it ioned , a m  ̂ quadrat was 
constructed w ith  the sm alle r quadrat nested in  the lower r ig h t  
hand corner.
The number o f  quadrats sampled per community varied de­
pending on the s ize o f  each in d iv id u a l community. W ith in the Rock 
Ledge community, i t  was not uncommon fo r  two adjacent ledges to 
support completely d i f f e r e n t  species assemblages so a large sample 
s ize was necessary in  these cases. Portions o f  the meadow complex, 
on the o ther hand, were q u ite  homogenous, and the f i r s t  ten quad­
ra ts  showed very l i t t l e  v a r ia t io n  making a small number o f  samplings 
fe a s ib le .  The number o f  quadrats varied from 20 in the Calamagrostis- 
Solidago Meado to 91 in  the Rock Ledge; the average number o f  
quadrats sampled in  a l l  communities was approximately 45. Each 
species present in  these quadrats was assigned a cover c la s s i f i c a ­
t io n  according to Daubenmire (1959). The values range from 1-6: 
w ith  1=1-5% cover, 2=5-25%, 3=25-50%, 4=50=75%, 5=75-95%, and 
6=95-100% cover. Overhanging p lants  were included in  the quadrat 
t a l l i e s .
Determination o f  average percent cover fo r  each species 
in  each stand was accomplished by summing the midpoints fo r  the 
cover classes each time they were recorded and d iv id in g  by the to ta l  
number o f  quadrats in  each community. Midpoints fo r  the cover
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classes are: 1=2.5%, 2=15.0%, 3=27.5%, 4=62.5%, 5=85%, and
6=97.5%. Total percent cover fo r  each community was computed by 
adding the average percent cover fo r  a l l  the species present in  the 
p a r t ic u la r  community. These data were summarized on post index 
sheets.
A l l  p lan t species found on Ohio S lide  were co llec ted  and 
id e n t i f ie d .  Nomenclature is  based on Hitchcock ejb (1955-1969). 
These p lan ts  which had not ye t matured were id e n t i f ie d  w ith  the help 
o f  Mr. Klaus Lackschewitz. Department o f  Botany, U n ive rs ity  o f  
Montana. These species were co llec ted  a t  a la te r  date, a f te r  they 
had matured, fo r  v e r i f i c a t io n .
Records o f  s i te  features were maintained throughout the 
stand sampling, and these included: stand lo ca t io n  and e leva tion ,
percent s lope, p lan t cover, aspect and a l l  o ther q u a l i ta t iv e  obser­
va tions. Soil depth was ca lcu la ted  from an average o f  ten probes 
w ith  a s tee l rod. The Ohio S lide  s o i ls  contain a large amount o f 
rock, so depth determinations vary cons iderab ly .
Soil samples were co l le c te d  from each community fo r  s o i l  
moisture and pH determ inations. Samples fo r  pH analys is were taken 
from 0 to 10 cm. and 10 to 20 cm. depths in  each community. These 
were placed in  metal s o i l  cans, then a i r  dried  and s i f te d  through 
a 2 mm. mesh. D is t i l l e d  water was added to the sieved s o i l  to  ob­
ta in  a 2:1 (water to s o i l )  r a t io .  The s o i l-w a te r  s lu r ry  was allowed 
to s i t  fo r  24 hours to e q u i l ib ra te ,  and then was tested w ith  a 
Beckman portab le  pH meter (Wilde and V o ig t, 1955).
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Soil moisture samples were co l le c te d  In each community a t 
two week in te rv a ls  a t  10 cm. depths where possib le . The Rock 
Ledge communities d id not always have s o i l  depths o f  10 cm., and 
in  these cases the deepest s o i l  present was co l le c te d . The samples 
were weighed, then placed in  a 105^0. oven fo r  48 hours. The samples 
were then reweighed and f i e l d  moisture percentages were determined 
(Oosting, 1956).
Stand O rd ination
Since the p lants o f  an area genera lly  respond to a combi­
nation o f  environmental fa c to rs ,  i t  is  recognized th a t  there is  
more than one g rad ien t along which a set o f  communities can be 
arranged (C u r t is ,  1959). By a comparison o f  species l i s t s  from the 
sampled stands. Index o f  S im i la r i ty  values were ca lcu la ted . This 
involves a c o r re la t io n  c o e f f ic ie n t  between two e n t i t ie s  w ith  d i f ­
fe re n t q u a n t i ta t iv e  values ca lcu la ted  by the formula where:
(a)=the sum o f  the percent cover values o f  a l l  species in  the f i r s t  
community, (b)=the sum o f  the percent cover values o f  a l l  species 
in  the second community, and (w)=the sum o f  the lowest percent 
cover values fo r  each species the two communities have in  common 
(Bray and C u r t is ,  1957). Once a m atr ix  o f  s im i la r i t y  values was 
constructed. D is s im i la r i t y  Index values were obtained by sub trac ting  
the s im i la r i t y  values from 100% (the highest th e o re t ic a l ly  possible 
s im i la r i t y  between the two communities) (Appendix B-1).
These D is s im i la r i t y  Values are the basis o f  the o rd in a t io n  
o f  p la n t  communities constructed fo r  Ohio S lide  (F ig . 11). A
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number o f  communities showed d is s im i la r i t ie s  o f  98 to 100%, and, o f  
these, fo u r  community pa irs  had values o f  between 99.5 and 100%.
The Rock Ledge and Alnus stands were chosen as the two endpoints 
fo r  the X a x is ,  because they e x is t  a t opposite ends o f  the s o i l  
moisture regime (Appendix B-3). The Rock Ledge stand was placed a t 
0 and the Alnus community a t  99.5 on a scale from 0 to 100. The 
o ther communities were f i t  in  on the axis according to th e i r  
re la t io n s h ip  to the two end stands by using the formula 
- — wher e:  (L)=the D is s im i la r i t y  Value between the two 
end stands, (Da)=the d is s im i la r i t y  o f  a p a r t ic u la r  stand to one o f  
the end stands, and (Db)=the d is s im i la r i t y  o f  the same stand to 
the o the r end stand.
A few stands were s t i l l  c lus te red near the center o f  the 
X axis less than ten un its  apa rt;  the Calamagrostis-Solidago Meadow 
and Polygonum communities were included in th is  group and had a 
D is s im i la r i t y  Value o f  96.4; the re fo re , they were picked as the 
endpoints o f  the Y axis w ith  values o f  0 and 96.4 respec tive ly .
D ire c t Moisture Gradient
The twelve communities on Ohio S lide  were also arranged 
according to minimum f i e l d  moisture values a tta ined  during the 
summer o f  1975. They were then a r b i t r a r i l y  d iv ided in to  f iv e  groups, 
and the minimum f ie ld  moisture content was averaged fo r  each group. 
These were designated: (1) hyd r ic ,  w ith  an average f i e l d  moisture
content o f  214%; (2) meso-hydric, w ith  an average o f  21.4%;
(3) mesic, w ith  an average o f  15.4%; (4) meso-xeric, w ith  an 
average o f  8.8%; and (5) x e r ic ,  w ith  an average o f  3.8%. These
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moisture categories are used on ly  in  a r e la t iv e  sense dealing w ith  
the communities on Ohio S lide  and are not re la ted  to any standard­
ized moisture regime. Frequency and percent cover values were 
taken from the post index sheets and averaged fo r  each moisture 
segment (Tables 8 and 9).
The average percent frequency and cover in  no way ind ica te  
d is t r ib u t io n  w ith in  the communities o f  a segment, but ra the r in ­
d icate  the re la t io n sh ip s  in d iv id u a l species have to d i f fe re n t  so i l 
moisture regimes. The species were then arranged in to  groups 
according to which moisture segment they achieved th e i r  maximum 
average frequency and cover values.
Jaccard's C o e f f ic ie n t  o f  Community
In dealing w ith  the remainder o f  the s lides  in  Lost Horse 
Canyon, the main emphasis was placed on species composition o f  the 
s l id e s .  Community types present as well as the taxa occupying 
these communities were recorded along w ith  observations such as 
slope, aspect, e le va t io n , and o ther items o f  in te re s t .  Jaccard's 
c o e f f ic ie n t  o f  community values were determined between each in d i ­
vidual s l id e  as well as between Ohio S lide  and the adjacent fo re s t  
using the formula ^- ^ ^ ^ ^ where: (a)=the number o f  species
common to both s l id e  #1 and s l id e  #2, (b)=the number o f  species
present in  s l id e  #1 and absent in  #2, and (c)=the number o f  species
present in  s l id e  #2 and absent in  #1.
Chapter V 
RESULTS
Forest Types Adjacent to Ohio S lide
U.S. Forest Service h a b ita t  type ( h . t . )  c la s s i f ic a t io n  
( P f is te r  e t  , 1974) was used to describe fo res ts  adjacent to 
Ohio S lide . This i l l u s t r a te d  the degree to which frequent ava­
lanche a c t i v i t y  can modify the vegetation o f  a p a r t ic u la r  s i te .
The h a b i ta t  types described are q u ite  uniform throughout the 
forested south slopes o f  upper Lost Horse Creek.
Abies lasiocarpa/Calamagrostis canadensis h . t . This is  a 
common fo re s t  h a b ita t  type on wet s ite s  a t  high e levations in Mon­
tana ( P f is te r  £ t  , 1974). In th is  p a r t ic u la r  drainage, i t  is  
confined to the small area immediately adjacent to Lost Horse Creek 
where the s o i l  is  poorly  drained and standing water is  common. Tree 
species present inc lude Picea engelmannii, Abies la s io ca rpa , and 
Pi nus co n to r ta . Calamagrostis canadensis, Senecio t r ia n g u la r is , 
and Ledum glandulosum dominate most o f  the understory w ith  L igus t-  
icum te n u i fo l iu m , Veratrum v i r i d e , and Valeriana s itchens is  also 
common.
Abies la s io ca rp a /C lin to n ia  uni f lo ra  h . t . The C li ntonia
un i f lo r a  phase o f  th is  h . t .  occurs on m oist, but w e ll-d ra ined
s ite s  th a t  support a g rea te r d iv e rs i ty  o f  species. Abies la s io ca rpa .
Pi nus c o n to r ta , and Picea engelmannii are jo in ed  by small numbers
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o f  Pseudotsuga m e n z ie s ii. C h a ra c te r is t ic  shrubs include Vaccinium 
g lo b u la re , Lonicera u tahens is , Rubus p a r v i f lo r u s , Spiraea b e t u i i f o l i a , 
and Linnaea b o re a l is . The herb la ye r  is  characterized by C lin ton ia  
and also includes Chimaphila umbel l a t a , Goodyera o b lo n g i fo l ia , and 
V io la  o rb ic u la ta , w h ile  the d r ie r  s i te s  support Arnica l a t i f o l 1 a , 
Tha lic trum  o cc id e n ta le , Xerophyl1um tenax, and Coptis occidental i s . 
Cornus canadensis, Galium t r i f lo r u m , and T r i l l iu m  ovatum occur 
throughout the h a b ita t .  The C lin to n ia  uni f lo ra  phase is  found 
from an e leva tion  o f  1665 to 1695 m. and merges above w ith  the 
Menziesia fe rrug inea phase.
In the Menziesi a ferrug inea phase, Pseudotsuga menziesi i 
becomes much more important and is  complimented by Abies la s io ­
carpa , Pinus c o n to r ta , and Picea engelmannii. Arnica l a t i f o l i a  is  
the dominant fo rb ,  but in  open stands the shrub la ye r is  qu ite  
d iverse. Shrubs include Menziesia fe r ru g in e a , Acer glabrum, Alnus 
s in u a ta , Vaccinium g lo b u la re , Rubus parvi f lo r u s , Ribes la c u s t re , 
Lonicera u tahens is , and Amelanchier a lni f o l i a . This phase extends 
to approximately 1720 m.
Abies lasiocarpa/Menziesia ferrug inea h . t . A t approxi­
mately 1720 m. C li ntonia uni f lo r a  reaches i t s  upper l i m i t  in  th is  
p a r t ic u la r  fo re s t .  Abies las iocarpa is  the dominant tree species 
in  an overs tory  th a t  also includes Pseudotsuga menziesi i , Pi nus 
c o n to r ta , and scattered Picea engelmannii in d iv id u a ls .  Men­
z ie s ia , Vaccinium globu la re  and Alnus sinuata are the p r in c ip a l 
shrubs. In the herb la y e r ,  Xerophyl1um tenax and Arnica l a t i f o l i a  
are dominants.
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Abies lasiocarpa/Xerophyllum tenax h . t . This p a r t ic u la r  
h . t .  is  probably one o f  the most widespread in  subalpine f i r  
fo re s ts  in  western Montana and makes up a major po rt ion  o f the 
Abies fo re s t  zone. I t  is  also found on d r ie r  s i te s  than the Abies 
las iocarpa/M enziesia  ferrug inea h . t .  The two phases cover an e le ­
va tiona l g rad ien t o f  almost 450 m. (1800 to  2250 m.).
The overstory o f  the Vaccini um globulare phase is  dominated 
by Abies 1 as iocarpa, Pseudotsuga, and Pinus contorta w ith  small 
numbers o f  Picea engelmanni i . Scattered Pi nus a lb ic a u l is  appears 
occas iona lly  in  the d r ie r  s i te s .  Undergrowth is  almost t o t a l l y  
dominated by Vacci ni um globulare and Xerophyl 1 um tenax. Other 
undergrowth components inc lude Carex g e y e r i, Arnica l a t i f o l i a , 
Tha lic trum  o c c id e n ta le , V io la  o rb icu la ta  and small amounts o f  
Vaccini um scopari um.
The Vaccinium scoparium phase characterizes the higher 
e leva tions o f  the h . t .  I t  is  a blend o f  the characters present in  
the Vaccini um globulare phase below and the Abies lasiocarpa 
( Pinus a lb ic a u l i s ) / Vaccinium scoparium h . t .  above. Pi nus 
a lb ic a u l is  is  much more prominent, w h ile  Pseudotsuga menziesii is  
found in  small numbers. The biggest change is  the replacement o f  
Vacci ni um g lobu lare  w ith  Vacci ni um scopari um and s l i g h t l y  reduced 
amounts o f  Xerophyllum tenax.
Above 2250 m. the fo re s t  is  almost completely e lim inated 
due in  p a r t  to  the amount o f  unstable ta lus  which forms a horizon­
ta l  band above much o f  the fo re s t .  The tree  f lo ra  is  l im ite d  to 
sca tte red  clumps o f  Pinus a lb ic a u l is  and Abies la s io ca rpa .
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The understory consists mainly o f  Vaccinium scoparium,
Juncus p a r r y i , Xerophyllum tenax, and Carex g e y e r i. Hieracium 
a lb e r t in u m , A c h i l1ea mil le fo l iu m , and Penstemon flavescens are 
also present in  lower frequencies.
Ohio S lide  Community Types
W ith in  the t r im  l in e s  o f  Ohio S lide , eleven d i f fe re n t  p lan t 
communities were described. These inc lude : Pinus -Xerophyl1um (PX),
Ledum (L ) ,  Alnus- Boykinia (AB), Dry Creek (DC), Polygonum (P ), Rock 
Ledge (RL), Headwall (HW), Populus-Salix (PS), Vaccini um Edge (VE) 
Aste r-Vacc ini um (AV), and Calamagrosti s -S o li dago (CS) community 
types. The d is t r ib u t io n  o f  these communities on Ohio S lide is  
i l l u s t r a te d  in  Fig. 6. Other data such as s o i l  moisture (Appendix 
B-3); pH, apparent s o i l  te x tu re ,  and so i l  depth (Appendix B-6); 
and to ta l  percent p la n t cover, percent slope and s i te  aspect 
(Appendix B-7) are located in  the Appendices. Appendix B-8 
ind ica tes  species d is t r ib u t io n  throughout the communities o f  
Ohio S lid e .
Pinus-Xerophyl1um Type. The uppermost region o f  Ohio 
S lide  is  a la rge  basin surrounded by an extensive ta lu s  slope on 
the sides and the r idgetop above. The steep area d i r e c t ly  below 
the ridge supports a very sparse, but co n s is te n t,  ground cover o f  
Xerophyllum tenax and Eriogonum p y ro l i fo l iu m  on a rock-gravel s o i l .
In lower sections o f  the basin, adjacent to the flow o f  snow m elt- 
water, the percent slope drops to 50% and the vegetation is  more
Figure 6. E levation and d is t r ib u t io n  o f  p la n t  communities on 
Ohio S lide . Pinus- Xerophyl lum (PX), Ledum (L ) ,  Polygonum (P ),
Dry Creek (DC), A lnus-Boykinia (AB), Headwall (HW), Rock Ledge (RL), 
Vaccinium Edge (VE), Populus-Salix (PS), A s te r-V acc ini um (AV), 
and Calamagrostis- Solidago (CS).
PX
oc
RL
VE
VE
PS
CS
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f u l l y  developed. Total percent ground cover is  58.2% o f  which 26.6% 
is  Xerophyl1 urn tenax (P la te  2). Pinus a lb ic a u l is  and Abies 1asio- 
carpa are stunted and deformed from snow and wind a c t iv i t y .  From 
the ana lys is  o f  broken leaders, i t  appears th a t once a ce rta in  
s ize (diameter o r he igh t) is  reached, the tree is  susceptib le  to 
severe damage due to snow s lides  (P la te  3). Table 1 i l lu s t r a te s  
the frequency and average percent cover values fo r  ten o f  the most 
important species.
Table 1. Frequency and percent cover values fo r  the dominant
species o f  the Pi nus-Xerophyl 1 uni type.
Quadrat Average
Species Frequency % Cover
Abies las iocarpa 18.5 4.4
A ch il le a  m i l le fo l iu m 18.5 12.
Carex geyeri 35.4 5.2
Erioqonum p y r o l i f o i l  urn 10.8 <1.0
Juncus p a rry i 16.9 3.0
Penstemon flavescens 15.4 1.5
Pinus a lb ic a u l is 35.4 6.1
Polygonum phy to la ccae fo l1 urn 23.1 1.0
Vaccinium scoparium 13.8 1.9
Xerophyl1 urn tenax 64.6 26.6
So il moisture varied from 56% on the 9th o f  Ju ly  to  a low 
o f  10% on August 4th . During the 1974 season, th is  area dried  
out considerably by la te  August; however, in  1975, heavy ra ins 
during the middle o f  August ra ised the s o i l  moisture le ve ls  back 
to 28% during a normally dry period.
Ledum Type. Immediately beneath the Pinus- Xerophyl1 urn 
community, an abrupt change takes place in  vegetative composition. 
At th is  p o in t ,  an underground spring enters the s l id e  area from the
Plate 2. Pinus-Xerophyllum community type
Plate 3. Breakage o f  Pi nus a lb ic a u l is  leaders in  the Pinus 
Xerophyllum community type.
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east edge and creates an extremely wet h a b ita t  (P la te 4 ). Ledum 
forms a m a jo r i ty  o f  the v is ib le  cover, w ith  scattered small (1 to 
2 m.) Abies las iocarpa in d iv id u a ls .  Beneath the Ledum, a moderately 
th ic k  ground la ye r  consists o f  Xerophyl1um tenax and Vacciniurn 
scoparium (Table 2). Although the to ta l  number o f  species 
represented here is  very low (16 ), the to ta l  percent cover is  
over 100%.
Table 2, Frequency and percent cover values fo r  the dominant 
species o f  the Ledum type.
Species
Abies Lasiocarpa 
Alnus sinuata 
Boykinia major 
Ledum glandulosum 
Pinus a lb icau l is
a
Quadrat Average
Frequency % Cover
38.5 7.7
15.4 <1.0
26.9 7.6
65.4 48.0
15.4 1.7
19.2 5.3
30.8 <1 .0
42.3 8.5
69.2 24.8
Spiraea d e n s if lo ra  
Vaccinium s ^ . ( caespitosum) 
Vacci ni um scopari um 
Xerophyl1um tenax
Although a c o l le c t io n  o f  Vacci ni um caespitosum was v e r i f ie d ,  some 
o f  the in d iv id u a ls  are suspected to be f ro s t-s tu n te d  Vaccini um 
g lobu lare  or \I_, g lo b u la re -V. caespi tosum hybrids.
A1nus. B oyk in ia , and Spi raea appear near the lower parts o f  
the community as i t  approaches the A lder swale. The s o i l  is  very 
wet throughout most o f  the growing season dropping to 57% oven dry 
weight in  e a r ly  September.
A1nus- Boykinia Type. The streamside area throughout much 
o f  the s l id e  is  dominated by a dense growth o f  Alnus sinuata w ith  a 
th ic k  understory o f  Boykinia major (P la te  5). Over a 365 m.
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e le va t io n a l range. Al nus co n s is te n t ly  dominates the stream edge w ith  
the exception o f  the segment o f  stream which flows over bare rock 
(Table 3). Due to  the fa c t  th a t  the stream tra ve ls  much o f  the 
length o f  the s l id e ,  the A1nus community borders many o f  the other 
communities present on the s l id e .  In every case, the boundary between 
the communities is  narrowly abrupt w ith  l i t t l e  or no t ra n s i t io n  zone; 
a d i r e c t  response to a steep moisture grad ien t.
O ccasiona lly , the stream s p l i t s  and openings are formed 
w ith in  the A1nus, composed o f  Spi raea densi f l o r a , P te r id i um a q u i l-  
inum and Mimulus le w is i i .
Table 3. Frequency and percent cover values fo r  dominant species 
in  the A1nus-Boykini a type.
Species
Alnus sinuata 
Boykinia major 
Ledum glandulosum 
Polygonum phytoTaccaefolium 
P te r id i  um aquilinum 
Spi raea densi f lo ra  
Tha lic trum  occ identa le
So il moisture in  th is  type varies from 300 to 500% during 
the summer, making th is  by fa r  the w e ttes t community on the s l id e .
A d i re c t  re s u l t  o f  th is  is  the low d iv e rs i ty  and lush growth o f  the 
dominants responsib le fo r  the high percent cover values.
Dry Creek Type. This community borders the Alnus- Boykinia 
type on the east side and ta lus  f ie ld  on the west. A creekbed is  
present in  the cen te r; however, water flows through i t  on ly u n t i l  
the f i r s t  week in  Ju ly  a f te r  which the e n t i re  community remains
Quadrat Average
Frequency % Cover
61.9 49.6
81.0 45.2
42.9 6.9
23.8 12.4
23.8 2.4
38.1 9.0
9.5 <1.0
Plate 4. Ledum community type
Pla te 5. A1nus- Boykinia community type.
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q u ite  dry. The lowest moisture reading fo r  the summer o f  1975 was 
10.7% g iv in g  an in d ic a t io n  as to the steepness o f  the moisture 
g rad ien t between the A1nus-Boykini a and Dry Creek communities. 
Presumably, due to  the v e lo c i ty  o f  the spring ru n o f f ,  very few 
species are capable o f  su rv iv in g  d i r e c t ly  on the creekbed. One 
p a r t ic u la r  species, Haplopappus s u f f ru t ic o s u s , is  found only along 
th is  creekbed on Ohio S lide . This species has developed a long roo t 
system and a th ic k  woody stem which enable i t  to w ithstand the spring 
ru n o f f  and supply i t s  moisture demands during the dry period. The 
m a jo r i ty  o f  species found in  the Dry Creek type are small herbaceous 
forbs and grasses (P la te  6 ). Vaccinium caespitosum, the on ly shrub 
species, is  common only along the edges. As Table 4 i l l u s t r a t e s ,  
many o f  the species are found in  high frequencies; however, because 
o f  t h e i r  s iz e ,  the average percent cover remains low.
Table 4. Frequency and percent cover values fo r  dominant species 
o f  the Dry Creek type.
Quadrat Average
Species Frequency % Cover
A ch il le a  m il le fo l iu m 43.8 1.9
Aqropyron spicatum 18.8 1.3
Arenaria c a p i l la r i s 25.0 1.1
Arenaria conqesta 27.1 2.1
Aster in te g r i f o l iu s 37.5 3.5
Calachortus elegans 10.4 1.0
Carex qeyeri 58.3 7.4
Eriqgonum flavum 12.5 5.1
Hieracium a lbertinum 25.0 1.9
Hypericum formosum 16.7 <1.0
Juncus pa rry i 37.5 6.7
Lomatium sp. 20.8 2.3
Phlox d i f fu s a 18.8 3.8
Polyqonum phyto laccaefo lium 22.9 2.1
Senecio in tegerrim us 16.7 <1.0
Vaccinium caespitosum 18.8 4.7
Xerophyllum tenax 10.4 4.3
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Total vegeta tive  cover is  62.4% w ith  a r e la t iv e ly  high 
number o f  species (42).
Polygonum Type. Bordering the Dry Creek community fo r  a 
short d is tance is  the Polygonum community, which is  otherwise sur­
rounded by ta lu s  (P la te  7). Plants growing here are found on the 
s o i l  accumulations between the boulders. Pinus a lb ic a u l is  is  f r e ­
quent near the center o f  the community w ith  a shrub laye r dominated 
by Vacci ni um g lobu lare  and Polygonum phyto laccae fo li um. Ri bes 
ni val is  extends a few meters fu r th e r  in to  the ta lus  than the 
remaining Polygonum community taxa. The data (Table 5) suggests 
th a t  Polygonum phyto laccaefo lium  is  o f  r e la t iv e ly  moderate impor­
tance; however, the quadrat data fo r  th is  community was taken early  
in  the summer a t which time the in d iv id u a l Polygonum p lan ts  were 
very small. Later in  the summer, they grew to a he ight o f  
approximately one meter and had much h igher coverage values. The 
m a jo r i ty  o f  herbaceous cover consists o f  Xerophyllum tenax and 
Carex g e y e r i .
Plate 6. Dry Creek community type adjacent to  A1nus-Boykini a 
type.
P late 7. Polygonum community type
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Table 5. Frequency and percent cover values fo r  dominant species 
o f  the Polygonum type.
Quadrat Average
Species Frequency % Cover
A ch i l le a  m il le fo l iu m 13.0 1.0
Agropyron spicatum 17,4 3,2
Arenaria congesta 19.6 2.9
Artem is ia  ludovic iana 2.2 <1.0
Aster in te g r i f o l iu s 13.0 2.4
Berberis repens 6.5 <1.0
Calachortus elegans 26.1 1.0
Carex geyeri 52.2 14.4
Hieracium albertinum 21.7 1.9
Pinus a lb ic a u l is 15.2 1.1
Polygonum phyto laccaefo lium 39.1 5.9
Vaccinium caespitosum 8.7 2.3
Vaccinium g lobu lare 41.3 12.2
Vaccinium scoparium 15.2 2.0
Xerophyllum tenax 56.5 30.3
Soil moisture varied from 14.9% in ea rly  August to 67
in  la te  August fo l lo w in g  a period o f  heavy p re c ip i ta t io n .
Rock Ledge Type. The f iv e  communities prev ious ly  described 
are found on the upper s tre tches o f  the s l id e  in  a semi-protected 
basin. At the lower boundary o f  the Dry Creek and Alnus communities, 
the ho r izo n ta l p r o f i le  o f  the ridge becomes f l a t  and the percent slope 
increases (F ig . 7). The stream has l i t t l e  in fluence  a t  th is  po in t 
due to the fa c t  th a t  there is  l i t t l e  s o i l  development along the 
stream edge as i t  passes over the bare rock. The Rock Ledge commun­
i t y  is  composed o f  small ledges and crevices tha t have accumulated 
s o i ls  and are a lso capable o f  holding p re c ip i ta t io n  fo r  short 
periods o f  time (P la te  8 ).  S e lag ine lla  densa is  the dominant p lan t 
species present w ith  a frequency o f  49.5% (Table 6), Total percent 
p la n t  cover is  57.2%; however, i t  must be kept in  mind th a t
Figure 7, E levation in  re la t io n  to percent slope on Ohio S lide .
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Quadrat Average
Frequency % Cover
11,0 10.7
22.6 1.8
35.2 4.0
35.2 4.8
23.1 4.5
11.0 1.1
9.9 3.0
16.5 <1.0
14.3 2.6
20.9 <1.0
49.5 8.0
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approximately 80% o f  the to ta l  surface is  bare rock.
Table 6. Frequency and percent cover values fo r  dominant species 
o f  the Rock Ledge type.
Species
Amelanchier a In i f o l i a  
Arenarea congesta 
Aster in te g r i f o l iu s  
Carex sc irpo idea 
Heuchera g rossu la r i i fo l  ia 
Lomatium sp.
Penstemon el 1ip t ic u s  
Poa in t e r io r  
P o te n t i l la  glandulosa 
Sedum stenopetalum 
S e lag ine lla  densa"
The slope o f  the rock face is  70 to  76%; however, the ledges 
themselves are much more leve l than th is .  Soil moisture is  very 
low throughout the summer w ith  a low reading o f  on ly 3.6% increasing 
to a high o f  30.5% in  August immediately a f t e r  a period o f  heavy 
p re c ip i ta t io n .
Headwall Type. The Headwall community is  found adjacent to 
the Rock Ledge on the western one-ha lf  o f  the s l id e .  The area main­
ta ins  a more cons is ten t stand o f  con ife rs  than any o ther community 
on the Ohio S lide . Pinus a lb ic a u l is  dominates the upper section and 
Pseudotsuga menziesii and Pinus contorta  become important near the 
bottom. The trees are un iform ly scattered over the e n t ire  community.
A unique fea tu re  o f  the Headwall community is  the la rge size (7 to 
12 cm. diameter) o f  the con ife rs  as well as the many broken leaders 
found on th is  s i te  (P la te  9). Herbaceous understory cover appears
Plate 8. Rock Ledge community type,
P late 9. Headwall community type.
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Quadrat Average
Frequency % cover
54.8 11.3
23.8 2.6
57.1 9.2
26.2 3.8
33.3 9.0
11.9 2.6
19.0 1.0
28.6 1.0
61.9 10.9
28.6 11.0
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sparse; however, Amelanchier a l n i f o l i a , Vaccinium g lo b u la re , and 
Pinus a lb ica u l is  co n tr ib u te  to a 79% to ta l  cover value (Table 7).
Table 7. Frequency and percent cover values fo r  dominant species 
o f  the Headwall type.
Species
Amelanchier a l ni f o l i a  
Arenaria congesta 
Carex geyeri 
H ieraci um a lb e r t i  num 
Pinus a lb ica u l is  
Pinus con to rta  
Pseudotsuga menziesii 
Spiraea b e t u l i f o l i a  
Vaccini um g lobu lare  
Xerophyl1um tenax
The s o i l  is  extremely coarse and g ra ve l ly  w ith  a moisture 
range from 3.9 to  14.8% making i t  and the Rock Ledge community the 
two d r ie s t  communities on the s l id e .
Populus-Salix Type. Below the Headwall and Rock Ledge 
communities, the slope tapers o f f  somewhat. The upper Populus- 
Sal ix  and Vaccinium Edge (see next type) communities have slopes 
from 65 to 70%; however, the lower sections o f  the same communities 
have values o f  35 to 45%. The center s t r ip  along the creek is  the 
A lnus-Boykini a type described e a r l ie r ,  w h ile  Populus- S a lix  forms a 
zone on both sides between the creek and the edge communities in  
response to a gradual moisture grad ien t. The aspen and w illows 
vary In  he igh t up to a maximum o f  4 m. and form an extremely dense 
shrub ove rs to ry . Tha lic trum  occ identa le  and Xerophyllum tenax are 
the most im portant understory species (Table 8). Openings occur
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o cca s io n a lly  which are dominated by shrubs such as Amelanchier 
a l n i f o l i a , Populus trem u lo ides , Rosa w oods ii, and Spiraea b e t u l i f o l i a .
Table 8. Frequency and percent cover values fo r  dominant species 
in  the Populus-Salix type.
Quadrat Average
Species Frequency % Cover
Amelanchier a ln i f o l i a 35.7 8.0
Bromus carina tus 19.6 1.4
Carex geyeri 26.8 4.7
Epilobium angus t ifo l ium 46.4 2.5
Hieracium albertinum 21.4 2.5
Populus tremuloides 42.9 13.0
S a lix  Seouleriana 48.2 18.6
Senecio t r ia n g u la r is 19.6 1.0
Sorbus scopulina 30.4 8.4
Symphoricarpos albus 26.8 3.1
Tha lic trum  occ identa le 53.6 8.9
Vaccinium sp. (caespitosum) 26.8 4.5
Xerophyllum tenax 33.9 12.2
Soil moisture leve ls  range from 23 to 58% which is  qu ite  
adequate to susta in  a lush growth o f  aspen and w il lo w . The s o i l
is  a sandy-loam mixed w ith  rock.
Vaccinium Edge Type. Between the Vaccini um Edge and Populus 
SaliX types is  one o f  the few borders where the boundaries are not 
sharply defined. A gradual t r a n s i t io n  zone or ecotone is  present 
here in  which the two communities blend in to  each o ther. Abies 
1asiocarpa and Pinus c o n to r ta , in  the 2 to 3 m. he ight c lass, are 
the dominant trees throughout the Vaccini um Edge community (P late 10); 
however, the la rg e s t ( t a l l e s t )  trees are Pinus a lb ic a u l is  which grow
out from the slope a t an angle and are capable o f  bending th e i r  tops
a l l  the way to the ground w ithou t breaking. There appears to be a 
c r i t i c a l  stem diameter a t  which po in t they become susceptib le  to
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breakage. Picea engelmannii seedlings are found occas iona lly . The 
understory is  dominated by Amelanchier a ln i f o l ia  and Xerophyl1um tenax 
(Table 9. .
Table 9. Frequency and percent cover values fo r  dominant species 
in  the Vaccinium Edge type.
Quadrat Average
Species Frequency % Cover
Abies las iocarpa 18.2 4.0
Amelanchier a l n i f o l i a 68.2 20.6
Carex geyeri 25.0 2.3
Lonicera utahensis 11.4 2.2
Pinus con torta 15.9 <1.0
Rosa woodsii 20.5 4.4
Sorbus scopulina 15.9 2.3
Spiraea densi f lo ra 27.3 1.3
Thalic trum  occ identa le 31.8 2.5
Vaccinium caespitosum 36.4 4.2
Vaccinium g lobu lare 36.5 8.2
Xerophyllum tenax 58.8 42.6
Average slope fo r  the community is  45% w ith  extremes from 
58% near the top to 38% a t the base. Soil moisture le ve ls  vary 
from 141.2% in  e a r ly  Ju ly  to 12.5% in  ea r ly  August (Appendix B-3).
Meadow Types. The bottom boundary o f  the Populus-Salix 
and Vaccini um Edge communities marks the beginning o f  the meadow 
complex. The slope leve ls  out s u b s ta n t ia l ly  a t th is  po in t (avalanche 
run-out zone) to between 18 and 25%, well below the c r i t i c a l  angle 
o f  28% a t which po in t an avalanche w i l l  lose speed and deposit snow. 
Some o f  the edge, bordering the t r im  l in e s ,  forms an extension o f 
the edge community; however, the remainder o f  the run-out zone is  
composed o f  some type o f  meadow.
The d is t r ib u t io n  o f  p lan t species throughout the meadow is
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d i r e c t ly  re la te d  to the s o i l  moisture grad ien t. The Aster- Vaccinium 
Meadow, uppermost sec tion  o f  the meadow complex, is  surrounded by 
remnants o f  the Populus-Salix community. The s o i l  is  g ra ve l ly  and 
due to  i t s  lo c a t io n  does not b e n e f it  from the water ca rr ied  by the 
stream. So il moisture le ve ls  vary from a low value o f  6.8% in  ea r ly  
August to  21.3% in  e a r ly  Ju ly .  This is  q u ite  dry and the p lan t 
species, many o f  which are found in the dry Rock Ledge community, 
in d ica te  th is  (Table 10).
Table 10. Frequency and percent cover values fo r  dominant species 
o f  the Aster-Vaccinium Meadow type.
Species
A ch il le a  mi 11efo lium  
Arenaria conqesta 
Aster i n te g r i f o l i  us 
Bromus carina tus 
Calamagrostus canadensis 
Carex geyeri 
Carex hoodii 
Melica s p e c ta b i l is  
P o te n t i l la  glandulosa 
Rosa woodsi i 
Rumex ace tose lla  
Sedum stenopetalum 
Spi raea b e tu l i  f o l ia  
Vaccini um caespi tosum
The slope o f  the community is  25% and to ta l  percent cover 
is  75% w ith  the p lants o ften  appearing in  clumps.
Below the A s te r- Vaccinium Meadow, the water from the stream 
begins to  fan out in  small channels, thus increasing the ava ilab le  
s o i l  moisture as the meadow approaches Lost Horse Creek. Soil 
changes are also ev ident from samples taken a t the upper and lower 
ends o f  the meadow. Just above the creek, the s o i l  is  very deep.
Quadrat Average
Frequency % Cover
15.4 1.3
38.5 <1.0
76.9 23.1
15.4 1.3
15.4 1.3
30.8 5.4
15.4 5.8
15.4 2.3
15.1 1.3
23.1 1.5
15.4 1.3
30.8 1.7
23.1 <1.0
61.5 11.5
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black loam; however, above the road i t  is  shallow w ith  more sand and 
gravel present.
The mesic section o f  the meadow ( Calamagrostis- Solidago) 
includes a few shrubby species such as Symphoricarpos albus and 
Amelanchier a l n i f o l i a . Herbaceous p lan ts  common in  th is  section 
o f  the meadow inc lude : Agoseris au ran tiaca , A ch il lea  m i l le fo l iu m .
Aster fo l ia c e u s , and Sedum stenopetalum in  a d d it ion  to Melica 
spec tab il i s , Bromus c a r in a tu s , Calamagrostis canadensis, and Solidago 
canadensis which are found throughout the meadow complex (Table 11). 
The meso-hydric (Calamagrostis-Solidago) po rt io n  o f  the meadow is  
the la rg e s t  segment o f  the meadow complex and is  dominated almost 
e n t i r e ly  by Calamagrostis canadensis, Melica s p e c ta b i l is , and Solidago 
canadensis. A number o f  small annual species which grow beneath 
the grasses inc lude : Collomia l i n e a r i s , Linanthus sep ten tr iona l i s ,
and Rumex ac to se lla  (P la te  11). Valeriana s i tc h e n s is . Ranunculus 
populago, Carex h o o d i i , and Senecio t r ia n g u la r is  occur on the ex­
tremely wet s i te s  near the edge o f  Lost Horse Creek. Because the 
species t r a n s i t io n  across th is  moisture gradient was so gradual, 
the mesic and meso-hydric po rt ions  were included in  the 
Calamagrostis-Solidago Meadow type.
Plate 10. Vaccinium Edge community type
Plate 11, Calamagrostis- Solidago community type
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Table 11. Frequency and percent cover values fo r  dominant species 
o f  the Calamagrostis-Solidago Meadow type.
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Quadrat Average
Species Frequency % Cover
A ch il le a  m il le fo l iu m 15.4 1.3
Agoseris aurantiaca 9.1 1.1
Bromus carina tus 13.6 2.5
Calamagrostis canadensis 87.8 25.2
Carex hoodii 13.6 <1.0
Ligusticum te n u ifo l iu m 18.2 1.0
Melica spec tab il i s 63.6 13.7
P terid ium  aquilinum <1.0 2.1
Rumex ace tose lla 4.5 <1.0
Senecio t r ia n g u la r is 9.1 2.0
Solidago canadensis 72.7 25.3
Symphoricarpos albus 18.2 3.2
Valeriana s itche ns is 13.6 <1.0
Big S lide  Community Types
Big S lide  is  located approximately 3 km. west o f  Ohio 
S lide  w i th in  the la rge s l id e  complex. The in i t a t io n  zone o f  the Big 
S lide  is  near the r id g e l in e  a t 2500 m. and the track  then proceeds 
down the slope and across the creek bottom a t  1728 m. Community 
types on Big S lide  tha t are s im i la r  to Ohio S lide  types inc lude:
A lnus-Boykini a (AB), Vaccinium Edge (VE), Rock Ledge (RL), Headwall 
(HW), Dry Creek (DC), As te r- Vaccinium Meadow (AV), Ledum (L ) ,  and 
Pinus-Xerophyl1um (PX) ( l e t t e r  symbols keyed to Fig. 8). In 
a d d i t io n ,  three new community types are found on Big S lide .
Moraine Type (M). A la rge moraine formed in  the run-out 
zone is  composed o f  la rge boulders and wood debris . Pinus c o n to r ta , 
Pinus alb ic a u l i s , Pseudotsuga menziesi i , and smal 1 amounts o f  Picea 
engelmannii are regenerating q u ite  well on th is  s i te .  The top and 
southern side o f  the moraine have a very sparse ground cover o f
Figure 8. E leva tion , percent s lope, and d is t r ib u t io n  o f  p la n t 
communities on Big S lide . Pinus-Xerophyllum (PX), Juncus ( J ) ,  
Alnus - Boykinia (AB), Ledum (L ) ,  Headwall (HW), Dry Creek (DC), 
Rock Ledge (RL), Vaccinium Edge (VE), Aster-Vaccinium (AV), Mixed 
Shrub (MS), Populus-Salix (PS), and Moraine (M).
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Xerophyllurn tenax, Vaccini urn g lo b u la re , Vaccini urn scopari urn, and 
Carex g e y e r i . The western side is  dominated by Lonicera utahensis 
and Spiraea b e t u i i f o l i a  w ith  Calamagrostis canadensis the most 
common understory species.
Mixed Shrub Type (MS). A mixed shrub community present 
above the Moraine community is  dominated by Amelanchier a l n i f o l i a . 
Polygonum phyto laccaefo liu rn , Populus trem ulo ides, and XeroghyTJhm 
tenax. This is  the f i r s t  community type described in  which P̂. 
phytolaccaefoliurn is  found in  assoc ia tion  w ith  P̂. trem ulo ides, and 
A. a l n i f o l i a .
Juncus Type ( J ) . Above the Pinus-Xerophyl1 urn community, 
w i th in  the borders o f  la rge ta lu s  rock, a small iso la te d  community 
is  found. Juncus pa rry i dominates the s i t e ;  however, Carex g e y e r i, 
Xerophyl1 urn tenax and Polygonum phytolaccaefoliurn are present in  
moderate amounts. Pinus a lb icau l is  and Abies la s io ca rpa , both o f  
which are common to the basin below, are absent from th is  s i te .
Adjacent S lide  Community Types
Adjacent S lide  is  located between Big S lide  and Twin Slides 
approximately 3.5 km. west o f  Ohio S lide . I t  is  a moderately large 
s l id e ;  however, i t  contains few community types (F ig. 9). Those 
common to  Ohio S lide  inc lude : Populus- S a lix  (PS), Vaccini urn Edge
(VE), A lnus-Boykinia (AB), Rock Ledge (RL), and Pi nus- Xerophyl1um 
( P X ) .  The Juncus pa rry i (J) community described fo r  Big S lide  is  
a lso present.
Figure 9. E leva tion , % slope and d is t r ib u t io n  o f  p la n t  communities 
on Adjacent S lide . Juncus ( J ) ,  Pinus-Xerophyllum (PX), Vaccinium 
Edge (VE), Rock Ledge (RL), A lnus-Boykin ia (AB), Popu lus-Sa lix  (PS), 
and Moraine (M).
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Pinus con torta  Type (PC). One add it iona l community is  
found in  the lower section  o f  the s l id e .  A dense stand o f Pinus
con to rta  5 to 10 cm. dbh w ith  an understory o f  Vaccinium globulare
and Xerophyllum tenax dominates the e n t ire  end o f  the run-out zone. 
Apparently th is  s i te  was d isturbed q u ite  some time ago and successive 
avalanches have not had s u f f ic ie n t  mass or speed to damage the stand.
Twin S lide  Community Types
The Twin S lides are the uppermost avalanche track areas in  
Lost Horse Canyon. The to ta l  v e r t ic a l  drop o f  the tracks is  only
480 m. and the d istance a t the widest po in t is  approximately 40 m.
The la rge  amount o f  debris found near the bottom o f  these s lides  
ind ica tes  th a t  these two s ite s  have a low frequency o f  s l id e  
occurrence. In fa c t ,  1963 a i r  photos o f  the area do not in d ica te  
any type o f  d isturbance whatsoever. Since the two s lide s  are 
q u ite  s im i la r ,  they w i l l  be discussed together. P lant communities 
present on these s lid e s  which have been p rev ious ly  discussed inc lude: 
Rock Ledge (RL), Alnus- Boykinia (AB), Populus-Salix (PS), Vaccinium 
Edge (VE), and Moraine (M) (F ig . 10). Two new community types are 
present a t  the higher e levations o f  the Twin S lides.
Elymus-Vaccinium Type (EV). The uppermost community which 
the two s l id e s  have in  common is  a r e la t iv e ly  f l a t  rock outcrop 
dominated by Elymus qlaucus along w ith  Vaccini um caespi tosum,
Vaccini um g lo b u la re , and Xerophyllum tenax. This community extends 
across the top o f  both s l id e s .
Figure 10. E leva tion , percent s lope, and d is t r ib u t io n  o f  p la n t  
communities o f  Twin S lides. Elymus-Vaccinium (EV), Eriogonum- 
Xerophyllum (EX), Rock Ledge (RL), Vaccinium Edge (VE), Alnus- 
Boykinia (AB), Populus-Salix (PS), and Moraine (M).
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Eriogonum-Xerophyllum Type (EX). Beneath the Elymus-
dominated rock outcrop, is  a steep-walled g u l ly  w ith  a dense growth
o f  Eriogonum flavum , Eriogonum umbel la tum , and Vaccini um caespitosum.
North Slope S lide  Community Type
To i l l u s t r a t e  the extreme e f fe c t  slope exposure has on 
species d is t r ib u t io n ,  a North Slope avalanche track was included 
in  the study. Because there are no north slope s ite s  in the v ic i n i t y  
o f  Ohio S l id e ,  an area fu r th e r  down the canyon had to be used; however, 
the s l id e  is  s t i l l  w i th in  the Abies lasiocarpa h . t .  series .
Contrary to the high numbers o f  community types found on 
southern exposures, the e n t i re  North Slope S lide  is  dominated by a 
homogenous m ixture o f  Acer qlabrum, Sal ix  scou le r iana , and Amelanchier 
a ln i  f o l i a  (P la te  12). Understory is  l im ite d  mainly to Spi raea 
b e tu l i  f o l i a  w ith  Coptis occidenta l i s , T ia re l la  t r i  f o l i a t a , and 
various o the r herbaceous species a lso present. Total percent cover 
approaches 100%; however, species d iv e rs i ty  is  q u ite  low w ith  only 
37 species represented. Conife r reproduction is  nonexistent on th is  
s l id e  w ith  the exception o f  a narrow s t r ip  bordering the t r im  l in e s .
North Fork S lide  Community Type
The North Fork o f  Lost Horse Creek is  an area o f  high 
avalanche a c t i v i t y ;  however, the tracks found in  th is  area are 
d i s t i n c t l y  d i f f e r e n t  from the ty p ic a l southern exposure s lides  
described fo r  Lost Horse Canyon. One s l id e  from th is  area was 
inc luded to i l l u s t r a t e  the e f fe c t  th a t la rge amounts o f  ta lus  
have on species d is t r ib u t io n .
Plate 12. North Slope S lide.
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North Fork S lide  covers an e leva tion  o f  840 m. from the 
r idge top  to the creek below. There is  no run-out zone present 
since the canyon w a lls  do not taper o f f  before reaching the creek 
bottom. The m a jo r ity  o f  the p lan t communities on North Fork S lide 
are unique w ith  the exception o f  the Alnus-Boykinia (AB), Dry Creek 
(DC), Pinus-Xerophyl1um (PX), and Rock Ledge (RL). The Dry Creek, 
in  th is  case, has a high frequency o f  Pinus a lb ic a u l is  and Abies 
la s io ca rp a .
Ceanothus-Pseudotsuga Type (CP). Bordering the ta lus  is  
a community type dominated by a dense growth o f  Ceanothus ve lu t inus  
and Pseudotsuga menziesi1. The height o f  the 2- menziesii ranges 
from 0.5 to 3 m.
Koeleria-Agropyron Type (KA). Also found on the ta lus  
border is  a community void o f  a l l  trees and shrubs and dominated by 
Koeleria c r i s t a t a , Agropyron spicatum and o ther small herbs. The 
absence o f  Ceanothus ve lu t inus  and Pseudotsuga menziesii is  
unexplained.
Acer-Prunus Type (AP). S im ila r  in  s truc tu re  and so i l  
moisture to the Populus-Salix community, th is  community type is  
extremely dense and dominates a la rge area below the steep slope o f  
North Fork S lide . Other species common to the h a b ita t  inc lude:
Pterid ium  aqu i1inum, Veratrum v i r i d e , and Sambucus racemosa on the 
w e tte r  s i te s  w ith  Eriogonum Umbel latum and Potenti11a glandulosa on 
the d r ie r  s i te s .
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Ohio S lide  O rd ina tion  Model
The two dimensional o rd in a t io n  (F ig . 11) based on % cover 
values fo r  species on the eleven stands on Ohio S lide , corresponds 
q u ite  w e ll w ith  s o i l  moisture and s o i l  tex tu re  gradients. The x-ax is  
separates the stands in  a pa tte rn  corresponding to s o i l  moisture 
minimum values recorded during the summer o f  1975. The clumping 
which occurred among e ig h t o f  the stands was overcome by the con­
s t ru c t io n  o f  the y -a x is  which corresponds favorab ly  w ith  the s o i l  
te x tu re  g rad ien t.
Chapter VI 
DISCUSSION
Ohio S lide
O rd ina tion  Model. The Calamagrostis-Solidaqo stand is  a 
mesic to meso-hydric community w ith  deep, f in e - te x tu re d  s o i ls  while 
the P inus-Xerophyl1um stand is  a mesic s i te  w ith  coarse s o i ls .  The 
degree to  which the Calamagrostis -Solidago stand is  separated on the 
o rd in a t io n  model is  not su rp r is in g  in  th a t  i t  is  as d is t in c t  from 
a l l  o ther community types on the basis o f  s o i l  development (y -a x is )  
as the A lnus-Boykin ia and Ledum stands are in  terms o f  s o i l  moisture 
(x -a x is )  (F ig . 11). With the exception o f  the Populus-Salix stand, 
the remaining stands w i th in  the upper l e f t  quarte r o f  the o rd ina t ion  
are q u ite  s im i la r  in  terms o f  s o i l  development and to ta l  percent 
p la n t cover. The Populus- S a lix  stand forms gradual t r a n s i t io n  zones 
w ith  the Headwall and Vaccini um Edge stands accounting fo r  the 
moderate degree o f  s im i la r i t y  between the Populus-Salix and the 
c lu s te r  o f  stands in  the upper l e f t  quadrant o f  the o rd in a t io n  model 
The Polygonum, Vacci ni um Edge, and Pi nus- Xerophyl1um 
stands are grouped together near the upper center o f  the model which 
corresponds to  t h e i r  mesic h a b ita t  on rocky, shallow s o i ls .  The 
s o i l  does not re ta in  water w e l l ;  however, an abundance o f  ru n o ff  
provides an adequate amount o f  moisture. The combination o f  mod­
e ra te  s o i l  moisture le ve ls  and coarse s o i ls  l im i t s  the invasion o f
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Figure 11. Two-dimensional o rd in a t io n  model o f  Ohio S lid e  stands. 
Polygonum (P ), Vaccinium Edge (VE), Headwall (HW), Pinus-Xerophyllum 
(PX), Ledum (L ) ,  Dry Creek (DC), Popul u s -S a lix  (PS), Rock Ledge 
(RL), Aster-Vaccin i um (AV), A lnus-Boykin ia (AB), and Cal amagrostis- 
Solidago (CS).
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shrubs such as Acer, S a l ix , and Populus. This i s ,  however, adequate 
to  susta in  a dense growth o f  Xerophyllum tenax found in  a l l  three 
stands, a t t r ib u t in g  to a high degree o f  s im i la r i t y  between those 
stands.
The Aster-Vaccin i um Meadow, which appears q u ite  close to 
the Populus- S a lix  stand, most l i k e l y  appears in  th a t loca t ion  
because i t  is  found between two meso-hydric stands (Populus- S a lix  
and Calamagrostis- Solidago) . There is  a substan tia l amount o f  
species overlap from these two stands along the border o f  the 
Aster-Vacci ni um Meadow.
Factors a f fe c t in g  species d is t r ib u t io n ,  percent cover, 
and frequency va lues. Soil tex tu re  and s o i l  moisture have a sub­
s ta n t ia l  e f fe c t  on species d iv e r s i ty  and percent cover on Ohio S lide . 
An ove ra l l  increase in  s o i l  moisture leads to an increase in  average 
percent cover (F ig . 12). This trend is  obvious by a comparison o f  
percent cover values o f  the streamside stands w ith  those in  the 
meso-xeric and x e r ic  segments such as the Headwall and Rock Ledge 
types. The percent cover values fo r  the Alnus-Boykinia and Ledum 
stands were always over 100% due to the dense shrub canopy along w ith  
equa lly  dense ground cover. The d r ie r  stands, on the other hand, 
have minimal shrub cover and ground cover values are moderate.
Percent cover values fo r  the dry communities appear to be over­
estim ated; the slope o f  the curve might a c tu a l ly  be greater using a 
d i f f e r e n t  sampling regime. A large number o f  species in the xe r ic  
stands were found in  the 5 to 25% category. In most cases.
Figure 12. Rela tionship between s o i l  moisture and to ta l  percent 
p la n t cover on Ohio S lide .
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the actual percent cover was c lo se r to 6 o r 7%; however, the midpoint 
value o f  15% was used to ca lcu la te  to ta l  percent cover fo r  the 
stand which led to an overestim ation o f  to ta l  percent cover. Addi­
t io n a l work on these types o f  communities might employ a system 
which invo lves a symbol in d ic a t in g  trace presence (0-1%) w ith  no 
value f igu red  in to  the to ta l  percent cover, A second category from 
1-10% and a t h i r d  from 11-25% would seem more appropriate than the 
system used fo r  th is  study.
Another s ig n i f i c a n t  trend is  i l lu s t r a te d  in  the so i l  
tex tu re -spec ies  d iv e r s i ty  graph (F ig . 13), which ind ica tes an in ­
crease in  d iv e r s i ty  w ith  increasing coarseness o f  so i l  tex tu re . In 
those community types w ith  g ra v e l ly ,  w e ll-d ra ined  s o i ls ,  drought is  
o f te n  experienced during the la te  summer. This environmental 
extreme, coupled w ith  frequent avalanche disturbance p ro h ib its  a 
small group o f  spec ia lized  species from dominating the s i te .  In ­
stead, the s i t e  is  open to invasion by any species which is  capable 
o f  perpetuating i t s e l f  in  th is  type o f an environment.
S ig n i f ic a n t  changes in  species d iv e rs i ty  in  re la t io n  
to s o i l  moisture is  apparent on ly in  the hydric  group which is  
c h a ra c te r is t ic a l ly  dominated by a minimal number o f  species (F ig .
14). The remainder o f  the moisture segments show no s ig n i f ic a n t  
dev ia tions  from each o ther.
The c o r re la t io n  o f  s o i l  tex tu re  and to ta l  percent cover is  
not s ig n i f i c a n t ;  however, the r e la t iv e ly  low value fo r  the loam 
category can be a t t r ib u te d  to  the in d iv id u a l c h a ra c te r is t ic s  o f  
the species dominating the Calamagrostis-Solidago Meadow (F ig . 15).
Figure 13. Re la tionsh ip  between s o i l  te x tu re  and species d iv e r s i ty  
on Ohio S lide .
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Figure 14. R e la tionsh ip  between s o i l  moisture and species d iv e r s i t y  
on Ohio S lide .
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Figure 15. R e la tionsh ip  between s o i l  te x tu re  and to ta l  percent 
p la n t cover on Ohio S lide .
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Both Melica spectab il i s  and Calamaqrostis canadensis are rhizomatous 
species forming extensive underground systems th a t  e f fe c t iv e ly  l i m i t  
com petit ion . The a e r ia l p o r t io n  o f  the p lants  are q u ite  t a l l ;  how­
ever, the v e r t ic a l  alignment d r a s t ic a l ly  reduces the percent cover 
values fo r  the s i te .  Follow ing a ra instorm  o r high wind, the 
grasses and goldenrod alone exceed 100% cover. This ind ica tes  
th a t  a la rge  amount o f  p la n t  materia l is  present, but due to the 
s p e c i f ic  nature o f  growth, the percent cover values are low.
The general pa tte rns o f  s o i l  moisture and s o i l  tex tu re  
suggest a re la t io n s h ip  between f in e  s o i ls  and more mesic s ite s  as 
well as between coarse s o i ls  and dry s i te s ;  corresponding to the 
a b i l i t y  o f  f in e - te x tu re d  s o i ls  to hold increased amounts o f  water.
This might in d ic a te  th a t  both s o i l  tex tu re  and s o i l  moisture are 
responsib le  fo r  species d is t r ib u t io n .  In those cases where th is  
pa tte rn  does not hold tru e ,  however, moisture appears to  be more 
c r i t i c a l  to  species d is t r ib u t io n  than s o i l  tex tu re . The impor­
tance o f  the te x tu re  values are d i r e c t ly  re la ted  to the e f fe c t  they 
have on s o i l  moisture. Species found on m oist, f in e - te x tu re d  s o i ls  
are o ften  capable o f  expanding t h e i r  range to areas o f  coarse s o i ls ,  
p rov id ing  a constant supply o f water is  present. On the o ther hand, 
the f in e - te x tu re d  s o i l  is  useless to many species i f  i t  does not 
have p e r io d ic  moisture in pu t.  Scattered throughout the 
Calamaqrostis- Solidago Meadow community are small s ite s  which, due 
to the i r r ig a t io n  pa tte rn  o f  the creek, remain very dry although 
they s t i l l  have f in e  tex tured s o i ls .  These s ite s  are inhabited by spe­
c ies such as Aster in te g r i f o l iu s  and Sedum stenopetalum commonly found
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on the d ry , rocky s o i ls  o f  the Rock Ledge and Dry Creek communities.
One conclusion drawn at th is  po in t is  th a t  moisture is  the 
c r i t i c a l  fa c to r  reg u la t in g  the d is t r ib u t io n  o f  species on Ohio S lid e , 
although te x tu re  plays a ro le  in  regu la ting  s o i l  moisture le ve ls .
In a d d it io n  to s o i l  moisture and s o i l  te x tu re ,  there are a 
number o f  o th e r fac to rs  which in f lu e n ce , to a lesser degree, the 
d is t r ib u t io n  o f  p la n t species. Although Ohio S lide is  located on a 
southern exposure, time o f  snow melt may be a c r i t i c a l  fa c to r  fo r  
two o f  the community types. The Pinus-Xerophyl1um type covers the 
h ighest e leva tion  o f  the s l id e  area and, th e re fo re , has the greatest 
accumulation o f  snow. Snow melt is  not completed u n t i l  the th i r d  
o r  fo u r th  week in  Ju ly  which might l i m i t  the species capable o f  
p e rs is t in g  in  an environment w ith  such a short growing season. The 
Galamagrostis-Solidago type does not receive the high amounts o f  
p re c ip i ta t io n  common to  the Pinus Xerophyllum community; however, 
during years o f  avalanche a c t i v i t y ,  the m a jo r ity  o f  the avalanching 
snow is  deposited d i r e c t ly  over the meadow. Due to the shading 
e f fe c t  o f  the south canyon w a l ls ,  snow melt in  the canyon bottom is  
much slower than the re s t  o f  the slope and o ften  la s ts  in to  ea r ly  
J u ly .  The Twelve M ile Creek recording s ta t io n  (F ig . 3) ind ica tes 
22" (56 cm.) o f  snow present on June 1, 1974 (Table 3). This type 
o f  h a b ita t  could lead to the se le c t io n  o f  the rhizomatous species 
which dominate the meadow and apparently have dominated the s i te  fo r  
a t  le a s t  the la s t  77 years.
E ffec ts  o f  s o i l  erosion a c t i v i t y ,  w i th in  the s l id e  
boundaries, are both detrimenta l and b e n e f ic ia l ,  depending upon the
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s i t e  in  question. Most o f  the s o i ls  on the upper slopes are coarse 
and sha llow ; the m a jo r ity  o f  the f in e r  m ateria ls  having been washed 
down the slope. The f in e r  m ateria l removed from the upper s l id e  
area is  deposited in  the accumulation zone where the meadow complex 
is  located . Soil depth in  the accumulation zone is  deep (50 cm.) 
due to the small slope angle o f  the s i te  (F ig . 7). In most cases, 
the a c t io n  o f  snow avalanches is  not d i r e c t ly  responsible fo r  s o i l  
erosion on the avalanche tracks . In the m a jo r ity  o f  snow avalanches, 
the s l id in g  laye r is  between two layers o f  snow ra ther than between 
a snow la y e r  and the ground (F ig. 2). The s l id in g  la ye r is  commonly 
0.2 to 2 m. above the ground depending on te r ra in  i r r e g u la r i t ie s  such 
as logs , rocks, and shrubs. Avalanche disturbance does have an 
in d i r e c t  e f fe c t  on s o i l  e ros ion , however. Damage to forested s ite s  
in v o lv in g  the uprooting o f  tree  species o ften  increases the pro­
b a b i l i t y  th a t  surface erosion w i l l  occur during the spring ru n o ff .
Community boundaries. Regardless o f  the gradient to 
which p la n t species respond, the d is t in c tn e ss  o f  community boundar­
ies is  dependent upon the steepness o f  the gradient in  question.
Abrupt s o i l  moisture changes i n i t i a t e  rap id  changes in  species 
d is t r ib u t io n  along a l l  o f  the communities bordering the Alnus- 
Boykinia o r  Ledum types. In these cases, the hydric  community 
ends as soon as the s o i l  is  no longer saturated w ith  a continuous 
supply o f  water. The sharp d is t in c t io n  between the Headwall and 
Rock Ledge types is  due to a s o i l ,  substra te  grad ien t. The gravel 
s o i l  o f  the Headwall area is  w e ll-d ra ined  and unstable, w h ile  the
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ledges o f  the Rock Ledge are f a i r l y  s ta b le ,  c o l le c t  and hold water 
fo r  short periods fo l lo w in g  p re c ip i ta t io n ,  and then dry out consider­
ab ly  during the la te  summer.
Gradual t r a n s i t io n  zones or ecotones correspond to gradual 
changes in  s o i l  moisture such as the borders between Populus-Salix 
and Vaccinium Edge, Headwall and Popu lus-Sa lix , Populus-Salix and 
Calamagrostis-Solidago, and Vaccinium Edge and Calamagrostis-Solidago. 
Perhaps the most gradual change occurs w ith in  the meadow complex.
From the upper edge o f  the Calamagrostis-Solidago Meadow, located 
near the top o f  the deposit ion  zone, the species composition under­
goes an extremely gradual change in  response to increasing s o i l  
moisture le ve ls  near Lost Horse Creek. Although Calamagrostis 
canadensis and Solidago canadensis dominate the e n t ire  meadow, the 
associate species undergo a complete, but gradual change. Rumex 
ace tose lla  and Sedum stenopetalum as well as the shrubby species 
Lonicera utahensis and Symphoricarpos albus are common on the upper 
s i te s  o f  the meadow. In the lower sec tions , shrubs are absent and 
percent cover values o f  Calamagrostis canadensis and Melica specta- 
b i l i s  increase. The competitiveness o f  Solidago, Calamagrostis 
and Melica e lim inates o ther species w ith  the exception o f  the small 
annuals; thus lowering species d iv e rs i ty .
Ind iv id u a l species responses. According to Hitchcock 
£ t  £ l .  (1969) and Lackschewitz (1975), the e n t i re  l i s t  o f  p lan t 
species found on Ohio S lide  are common to  one or more o f  the c l im a t ic  
groups found in  the B i t te r r o o t  Mountains (Appendix C-1). A small
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group o f  in troduced species common to  avalanche tracks includes: 
Chrysanthemum leucanthemum. Phieum pratense, and Rumex a c e to s e l la , 
a l l  o f  which are found in  the adjacent fo re s t  regions. Annuals are 
l im i te d  to three species which inc lude : Collomia l i n e a r i s , Linanthus
s e p te n t r io n a l is , and Mimulus b rew eri. The f i r s t  two species 
mentioned are associated e xc lus ive ly  w ith  the Calamagrostis-Solidago 
type, poss ib ly  because small annuals are able to successfu lly  occupy 
s i te s  here th a t  are unacceptable to la rg e r  p lants th a t  would be 
requ ired to compete w ith  the rhizomatous species found in  the meadow.
Although the percent cover and frequency values fo r  almost 
a l l  the species peak in  one o f  the moisture segments, there are 
very few species which are narrowly re s t r ic te d  to th a t p a r t ic u la r  
segment (Appendix B-4 and B-5). Generally, the species is  found in  
a t  le a s t  one o r two o f  the adjacent segments. Those species which 
are present in  grea te r than 5% frequency and are confined to  one 
moisture segment inc lude : hydric  = Alnus s in u a ta , Boykinia major,
and Ledum glandulosum; meso-hydric = Heracleum lanatum, Valeriana 
s i tc h e n s is , Senecio s e r ra , Senecio t r ia n g u la r is , and Agastache 
u r t i c i f o l i a ; mesic = Penstemon flavescens; meso-xeric = Eriogonum 
umbel latum and Aster stenomeres; x e r ic  = Apocynum androsaemi fo l iu m , 
Dodecatheon j e f f r e y i , S e lag in e lla  densa, Carex sc irp o id e a , and 
Suksdorfia ra n u n c u l i fo l ia .
Abies la s io ca rp a , Xerophyllum tenax, and Vaccini um caespi- 
tosum were the on ly species common to a l l  f iv e  moisture regimes 
which is  a good in d ic a t io n  o f  the range o f  v a r ia t io n  found in  s o i l  
moisture values.
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Arborescent angiosperms. E a r l ie r  stud ies o f  avalanche 
vegeta tion  in  the Cascade Mountains o f  Western Washington ind ica te  
th a t  those s i te s  which s l id e  freq ue n tly  are almost always dominated 
by arborescent angiosperms (Smith, 1973; Franklin  and Trappe, 1963). 
Since the species o f  th is  group are extremely r e s i l ie n t  to  avalanche 
d is tu rbance , they are e s s e n t ia l ly  selected fo r  and maintained on the 
s i te s  o f  frequent avalanche occurrence. A number o f  characters 
leading to th is  re s i l ie n c y  inc lude : 1 ) presence o f  m u lt ip le  stems
which increase the chance o f  s u rv iv a l ;  2 ) c a p a b i l i ty  o f  most species 
to resprout ve g e ta t ive ly  from roo t-s tocks  such as Alnus s in ua ta . 
Prunus v i r g in ia n a , S a lix  scou le r iana , Populus trem ulo ides, and 
Acer glabrum; 3) deciduousness leading to less damage to photosyn­
th e t ic  surfaces due to the time o f  year th a t  avalanches take place;
4) rap id  period o f  i n i t i a l  growth enabling the shrubs to  q u ick ly  
dominate a s i t e  making them strong com petito rs; 5) by o f fe r in g  less 
res is tance  to avalanching snow, arborescent angiosperms are able to 
a t ta in  g rea te r heights than tree  species; 6 ) achievement o f  t h e i r  
maximum dominance in  20 to  30 years fo l lo w in g  disturbance (Smith, 
1974), th e re fo re ,  are favored by r e la t iv e ly  frequent avalanche 
d isturbance.
North s lope . The pa tte rn  o f  dominance by angiospermous 
shrubs common to  the Cascade Mountain s l id e  areas seems to hold qu ite  
well f o r  the northern exposure avalanche chutes o f  Lost Horse Canyon. 
This is  most l i k e l y  due to the u n ifo rm ity  in  s o i l  moisture le v e ls ,
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re s u l t in g  from uniform s o i l  development. The m ixture o f  Amelanchier 
a lni f o l i a , Acer glabrum, and Sa li x scouleriana forms a homogenous 
shrub community from t r im  l in e  to t r im  l in e .  Conifer reproduction 
is  l im i te d  to  the extreme edges o f  the s l id e  due to competition 
from the angiospermous shrubs on the mesic s i te .  The pe riod ic  
s l id e  a c t i v i t y  gives a se le c t iv e  advantage to  the arborescent 
angiosperms due to the characters discussed prev ious ly .
South s lope . Examination o f  southern exposure avalanche 
chutes in d ica tes  a lack o f  homogeneity th a t  was present on the 
north slope tracks . Instead, a mosaic o f  community patterns is  
ev ident w ith  a moderate amount o f  bare rock and s o i l .  On the southern 
exposures, moisture becomes a c r i t i c a l  fa c to r  in  species d is t r ib u t io n  
and those species best adapted to frequent avalanche disturbance may 
not be able to maintain themselves on these s ite s  due to inadequate 
s o i l  moisture le v e ls .
Reconnaissance o f  s ix  southern exposure s lide s  has shown 
Ohio S lide  to be q u ite  c h a ra c te r is t ic  o f  th is  group o f  s l ide s  in  
terms o f  community d is t r ib u t io n .  Although a ce r ta in  amount o f  v a r i ­
a t io n  is  present in  every s l id e ,  a general summary o f  community 
types common to southern exposure s l id e  areas is  re levant a t  th is  
p o in t.
The presence o f  Alnus- B oyk in ia , Ledum and Populus-Salix 
types on any o f  the southern exposure s lide s  is  dependent upon the 
ex is tence o f  a continuous supply o f  moisture. Because g u l ly  areas 
avalanche more re a d i ly  than f l a t  open s i te s ,  a creek system o f  some
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type is  genera lly  found on the s l id e s ;  however, the size o f  these 
streamside communities varies  from q u ite  small to a f a i r l y  large 
percentage o f  the to ta l  s l id e  area. The Alnus-Boykinia community 
gene ra lly  dominates the streamside areas up to an e leva tion  o f 
approximately 2285 m ., representing the cold l im i t s  o f  Alnus 
s in u a ta . At th is  e le v a t io n ,  on wet s i te s ,  dense stands o f  Ledum 
usua lly  become dominant. Occasionally an herbaceous streamside 
community is  found in  the upper e leva tions along the stream's edge.
The Populus-Salix type commonly borders the Alnus- Boykinia type on 
both sides o f  the stream up to the cold l im i t s  o f  these two species 
a t 1830 m. The width o f  the Populus-Salix community ind ica tes  the 
extent to  which the creek in fluences s o i l  moisture.
Since a l l  the tracks extend through forested zones, a 
Vacci ni um Edge community is  c h a ra c te r is t ic a l ly  found up to approx­
im ate ly  1830 m. At th is  p o in t ,  the fo re s t  begins to open up s l ig h t l y  
and percent slope increases leading to a d ry , unstable s o i l .  The 
i n s t a b i l i t y  and dryness o f  the s o i l  is  not su ita b le  fo r  the growth 
o f  Xerophyl1um tenax; the dominant o f  the Vaccini um Edge community.
Rock Ledge communities are common near the center o f  a l l  
s l ide s  where the percent slope reaches i t s  g reatest value. Presence 
o f  the Headwall community, however, seems to depend upon the size 
o f  the s l id e .  Only the la rge  s l id e s  maintain th is  type o f  community 
which is  always found adjacent to the Rock Ledge type. The unique 
fea tu re  o f  th is  community is  the s ize o f  the leaders (both diameter 
and to ta l  leng th ) and the amount o f  breakage. This leads to the 
assumption th a t  snow avalanches genera lly  course around the Headwall
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community and over the Rock Ledge community which provides an 
in te rv a l  o f  d is tu rbance -free  growth fo r  the con ife rs  accounting fo r  
t h e i r  la rge  s ize . Eventually  a la rge s l id e  occurs which s p i l l s  
over the Headwall community and shears o f f  those trees which have 
developed stems and leaders la rge r than the c r i t i c a l  s ize .
The high e le v a t io n ,  basin s i te s ,  common to a l l  o f  the 
s l id e  areas in  Lost Horse drainage, seem to show a moderate degree 
o f  v a r ia t io n  from the Pi nus-Xerophyl1um community o f  Ohio S lide.
The species composition is  q u ite  s im i la r ;  however, the percent cover 
and frequency values o f  in d iv id u a l species f lu c tu a te  depending upon 
the lo c a t io n .  Xerophyllum tenax dominates the mesic section o f  the 
basin in  a l l  cases, but Abies las iocarpa and Pinus a lb ic a u l is , which 
were q u ite  im portant on Ohio S l id e ,  o ften  have percent cover values 
o f  less than 1%. The d r ie r  s i te s  genera lly  cons is t o f  the Elymus- 
Vaccinium, Eriogonum- Xerophyl1um, o r Dry Creek types. These three 
types maintain a s im i la r  species component, but e x h ib i t  substan tia l 
v a r ia t io n  in  percent cover values o f  a few prominent species 
in c lu d in g :  Juncus p a r r y i , Polygonum phyt o i accaefo lium, Elymus glaucus,
Vaccini um g lo b u la re , Eriogonum flavum, and Eriogonum umbel latum. The 
d is t r ib u t io n  o f  communities in  the basin depends upon the drainage 
pa tte rns o f  the in d iv id u a l s l id e s .  A mosaic o f  dry and mesic com­
munity types may develop i f  moist pockets and zones o f  coarse rock 
ta lu s  are sca tte red  throughout the basin. However, i f  one main 
creek channel is  ev ident and s o i l  p a r t ic le  s ize is  f a i r l y  uniform, 
the mesic community dominates a d is t in c t  s t r ip  as do the xe r ic  types.
One community type found on Ohio S lide  which is  not
102
c h a ra c te r is t ic  o f  s l id e s  in  general is  the Calamagrostis-Sol idago 
Meadow a t  the toe o f  Ohio S lide . Due to  the long, r e la t iv e ly  f l a t  
run -ou t zone, the f in e  s o i l  m ate ria ls  ca rr ied  down from the upper 
parts  o f  the s l id e  accumulate in  the meadow ra the r than wash in to  
Lost Horse Creek. The stream also branches throughout the s i te  
e f fe c t iv e ly  i r r ig a t in g  the e n t ire  meadow crea ting  a mesic area w ith  
deep, r ic h  s o i l .  The m a jo r ity  o f  the s lides  have a moraine b u i l t  
up in  the run-out zone as a re s u l t  o f  coarse materia l ca rr ied  down 
by avalanches and rock s l id e s .  This forms a w e ll-d ra ine d , very dry 
s i t e  w ith  coarse s o i l  in  con tras t to  the Calamagrostis- Solidago type 
o f  Ohio S lide .
Species d i s t r i b u t io n . The d is t r ib u t io n  o f  species through­
out the s l id e  areas o f  upper Lost Horse Canyon is  found in  Appendix 
C-2. Of 151 species found on various s lid e s  in  the Lost Horse 
Creek dra inage, on ly e ig h t  species were present on a l l  seven s l id e  
areas. These inc lude : Amelanchier a l ni f o l i a , Pseudotsuga m e n z ie s i i ,
Rosa woodsi i , Vacci ni um g lo b u la re , Epilobium a n g u s t ifo l iu m ,
Calamagrostis canadensis, Carex g e y e r i, and A ch il lea  m i l le fo l iu m . 
These species, w ith  the exception o f  Epilobium angustifo lium  are 
found over a range o f  fo u r  moisture segments on Ohio S lide  which 
ind ica tes  th a t  they have f a i r l y  general moisture requirements. 
Eighteen a d d it io n a l species were found on s ix  o f  the seven s lides  
and w ith  three exceptions, the s l id e  from which they were absent 
was North Slope S lide . This again emphasizes the extreme d iffe ren ce  
between the north and south slope avalanche tracks.
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Jaccard 's c o e f f ic ie n t  values fo r  s l id e  pa irs  were de te r­
mined using species composition l i s t s  fo r  the seven s l id e s . With 
the exception o f  those comparisons in vo lv in g  North Slope S lid e , the 
m a jo r i ty  o f  the values were found between 0.415 and 0.590 o f  a 
poss ib le  1.000 fo r  s l id e s  o f  id e n t ic a l  species composition. A l­
though i t  does represent some degree o f  s im i la r i t y  in  species 
composition, the amount o f  d is s im i la r i t y  present is  an in d ic a t io n  
o f  the v a r ia t io n  in  s i t e  characters between the southern exposure 
avalanche tracks . The Jaccard's C o e ff ic ie n t  o f  Community value 
between a small s l id e  (TW) and a la rge s l id e  (Ohio) is  equiva lent to  
th a t  ca lcu la ted  between Ohio S lide  and o ther la rge  s l id e s .  This 
ind ica tes  th a t  s ize  the track  has l i t t l e  to do w ith  species presence. 
Those comparisons in v o lv in g  the North Slope stand had values between 
0.180 and 0.240, which once again i l l u s t r a t e  the extreme v a r ia t io n  
in  the vegeta tion o f  northern and southern exposure s lides  (Appendix 
C-3). One p o in t o f  in te re s t  derived from these values ind ica tes  
th a t  Ohio S lide  is  more s im i la r  in  species composition to the ad ja­
cent undisturbed fo re s t  (0.378) than to the North Slope S lide  (0.216). 
The x e r ic  to mesic s i te s  tha t make up the m a jo r ity  o f  the s l id e  area 
on Ohio S lid e  contain a moderate number o f  adjacent fo re s t  species.
The north slope avalanche tra cks , however, have developed a vegeta­
t io n  type unique from the adjacent fo re s t  due to a combination o f  
avalanche d isturbance and moisture s o i l  cond it ions . The s ite s  
where north slope species can surv ive on Ohio S lide  are re s t r ic te d  
to a w e ll-d e f in e d  area re s u lt in g  in  the higher s im i la r i t y  value fo r  
Ohio S lid e  and the adjacent undisturbed fo re s t .
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Avalanche frequency. Since no data is  ava ilab le  on actual 
avalanche a c t i v i t y  in  Lost Horse Canyon, the estimates o f  avalanche 
frequency are q u ite  specu la tive . From the photograph o f  Lei berg 
(1899), i t  is  c le a r  th a t  on Ohio S lide  avalanches occur frequen tly  
enough to maintain the vegetation communities found a t th is  time.
A number o f  avalanche tracks adjacent to  the North Cascade Highway 
have been monitored fo r  avalanche frequency. Species data from 
these s i t e s ,  recorded by Smith (1973) and Cushman (1976) was 
compared w ith  Ohio S lide  and ind ica tes  th a t the in te rv a l o f  ava­
lanche disturbance on Ohio S lide  is  in  the neighborhood o f  from 0 
to  3 years. The species composition o f  the Cascade S lide areas is  
q u ite  d i f f e r e n t ;  th e re fo re , the s im i la r i t i e s  must be found in  the 
general de sc r ip t ion s  such as: s ize o f  t re e s ,  amount o f  breakage,
debris  accumulation, damage to branches and bark, and reproduction 
o f  fo re s t  species.
Big S lide  and Adjacent S lide  are q u ite  s im i la r  in  these 
characters ( l i t t l e  debris ) to Ohio S l id e ;  the re fo re , i t  seems th a t 
t h e i r  frequencies would be much the same. The Twin S lides , on the 
o the r hand, contained a s ig n i f ic a n t  amount o f  large debris on the 
lower sections o f  the s lide s  which ind ica ted  longer in te rv a ls  than 
found on Ohio S l id e ,  poss ib ly  avalanching on ly once in  20 to 50 
years. Shrub communities common to  North Slope S lide  o ften  in d ica te  
annual avalanche d isturbance. This in te rv a l could be very s im i la r  
to  Ohio S lid e  w ith  the main d if fe re n ce  in  the vegetation o f  the 
two re la te d  d i r e c t ly  to moisture. Smith (1974), however, ind ica tes  
th a t  occas iona lly  ra th e r in frequen t avalanching is  s u f f ic ie n t  to
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m ainta in  th is  type o f  p la n t  community. The north slope aspect o f 
th is  s l id e  is  ideal fo r  sm all, loose snow avalanches as well as 
extensive snow creep a c t i v i t y  which could possib ly  maintain th is  
vegeta tion type in  the event o f  longer in te rv a ls  between major 
d is turbances. The North Fork S lide  group is  s trong ly  in fluenced 
by the extensive amount o f  ta lu s ;  however, lack o f  debris , coupled 
w ith  the Acer- Amelanchier shrub community near the center o f  the 
s l id e  on the mesic s i te s ,  in d ica te  th a t  th is  p a r t ic u la r  s i te  also 
s l id e s  approximately every 1 to 3 years.
Since the main o b je c t ive  o f  the study was geared towards 
the ana lys is  o f  p lan t communities on avalanche s i te s ,  the avalanche 
frequency data is  very general. Future studies concerned w ith  f r e ­
quency o f  avalanche s i te s  might employ dendrochronological methods 
as an in d ic a to r  o f  avalanche p e r io d ic i ty .  This type o f  study would 
invo lve  the ana lys is  o f  datable scars on tre e s , changes in  growth 
r in g  p a t te rn s ,  changes in  growth ra te ,  and age o f  trees w ith in  
the boundaries o f  the avalanche tracks (P o tte r ,  1969).
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Chapter VII 
SUMMARY
The assemblages o f  p la n t species present on the avalanche 
tracks in  Lost Horse Canyon depend on the in te rv a l between suc­
cessive d is turbance. Some o f  the tracks s l id e  in fre q u e n tly  and 
fo l lo w  a nearly  p re d ic ta b le  successional recovery sequence, wh ile  
others appear to s l id e  annua lly , thus maintain ing an e s s e n t ia l ly  
unique assemblage o f  p la n t species.
The slope exposure is  a c r i t i c a l  fa c to r  to both species 
d iv e r s i t y  and community s tru c tu re .  On north slope avalanche tracks 
the moisture le ve ls  remain adequate throughout the summer and those 
species best adapted to frequent avalanche disturbance predominate.
A homogenous community type dominated by arborescent angiosperms is  
common throughout the e n t i re  s l id e  area.
On southern exposures, moisture becomes a l im i t in g  fa c to r  
and the arborescent angiosperms, th a t  are well adpated to frequent 
snow d is tu rbance , do not necessarily  predominate. The homogeneity 
present on the north slope s lid e s  is  absent; instead, a mosaic o f  
community types covers the southern exposure s l id e s .  Twenty com­
munity types were described on the southern exposure s l id e  areas w ith  
the d is t r ib u t io n  o f  the community types determined p r im a r i ly  by the 
s o i l  moisture g rad ien t. Arborescent angiosperms dominate the s ite s  
o f  high s o i l  moisture almost e x c lu s iv e ly ;  wh ile  mesic s i te s  support 
a dense growth o f  Xerophyllum tenax, small shrubs, and co n ife rs .
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The dry po rt ions  o f  the s l id e s  are c h a ra c te r is t ic a l ly  covered w ith  
a sparse growth o f  young con ife rs  and herbaceous species. The 
abruptness o f  the community borders is  determined, in  most cases, 
by the steepness o f  th is  p a r t ic u la r  grad ien t.
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Appendix A
A-1. Snow course data fo r  Twin Lakes (Elev. 1990 m.)
JANUARY 1 FEBRUARY 1 MARCH 1 APRIL 1 MAY 1 JUNE 1
YEAR DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER
DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV
IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN.
1960 2/24 93 24.7 3/29 87 32.8 4/26 102 38.4
1961 2/27 99 31.8 3/29 101 40.4 4/26 120 47.2
1962 2/28 99 36.2 3/28 120 44.6 4/25 88 43.7
1963 2/27 88 27.3 3/27 83 31.8 4/26 88 36.6
1964 2/28 103 36.4 3/31 120 47.6 4/28 128 54.9
1965 3/1 133 47.0 3/30 128 54.6 4/27 108 52.2
1966 3/1 90 26.6 4/1 76 30.8 4/29 68 29.4
1967 2/28 110 39.8 3/28 119 46.3 4/28 117 49.4
1968 12/27 72 2 0 . 2 1/30 77 27.6 2/26 107 37.0 3/28 114 41.9 4/30 101 43.4
1969 12/30 68 19. 6 2/25 109 41.3 3/31 97 42.1 4/28 79 38.8
1970 12/30 42 9. 5 2/25 95 33.8 3/30 116 40.7 4/28 133 48.6
1971 12/30 68 17. 8 3/2 120 45.2 4/1 140 53.6 4/29 125 57.4
1972 12/27 74 2 0 . 7 3/2 168 60.7 3/30 149 67.4 4/27 157 75.8
1973 12/28 56 14. 2 3/1 78 26.2 3/29 80 28.8 5/2 72 30.9
1974 12/27 79 2 0 .6 2/25 136 48.0 3/29 141 59.0 4/30 133 63.9
6/1 68 37.3
5/31 18 9.4
5/28 75 39.0
5/30 64 32.4
6 / 2 28 15.6
5/40 74 36.6
5/27 85 41.8
5/30 103 60.8
5/30 25 12.0
5/29 108 55.9
A-2. Snow course data for Lost Horse Ranger Station (Elev. 1810 m.)
JANUARY 1 FEBRUARY 1 MARCH 1 APRIL 1 MAY 1 JUNE 1
YEAR DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER
DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV
IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN.
1960 2/24 78 20.2 3/29 69 25.1 4/26 73 28.4
1961 2/27 80 25.6 3/29 82 32.6 4/26 90 36.2
1962 2/27 79 27.5 3/28 91 33.4 4/25 64 30.0
1963 2/28 65 18.8 3/27 61 21.2 4/26 63 24.4
1964 2/28 86 31.0 3/31 101 39,6 4/28 103 43.6
6/1 45 22.41965 3/1 101 35.8 3/30 98 38.2 4/27 81 36.9
1966 3/1 71 19.3 4/1 59 22.9 4/29 49 19.8 5/31 9 4.5
1967 2/28 89 31.3 3/28 93 34.4 4/28 90 36.8 5/28 54 26.8
1968 12/27 57 14.9 1/30 55 19.7 2/26 71 26.1 3/28 78 30.0 4/30 71 31.6 5/30 39 19.8
1969 12/30 54 14.8 2/25 90 32.0 3/31 81 33.3 4/28 66 30.6 6 /2 19 10.2
1970 12/30 34 7.2 2/25 78 27.5 3/30 95 32.9 4/28 107 37.6 5/30 57 26.8
1971 12/30 53 13.6 3/1 97 36.6 4/1 109 43.2 4/29 99 44.8 5/27 63 31.6
1972 12/27 60 16.0 3/2 141 50.2 3/30 124 56.1 4/27 110 51.4 5/30 80 46.0
1973 12/28 45 11.2 3/1 63 19.9 3/29 65 23.6 5/2 54 23.0 5/30 14 6.9
1974 12/27 68 17.3 2/25 110 37.6 3/29 121 48.4 4/30 105 50.4 5/29 87 44.6
ro
A-3. Snow course data fo r  Twelvemile Creek (Elev. 1708 ra.)
JANUARY 1 FEBRUARY 1 MARCH 1 APRIL 1 MAY 1 JUNE 1
YEAR DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER DATE SNOW WATER
DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV DEPTH EQUIV
IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN. IN.
1968 12/27 30 8.3 1/30 40 13. 9 2/26 44 15. 7 3/28 44 17. 9 4/30 25 10.9 5/30 0 .0
1969 12/30 36 9.1 1/31 65 18. 9 2/25 58 19. 3 3/31 54 2 1 . 7 4/28 17 7.1 6 / 2 0 .0
1970 12/30 25 4.4 2/3 68 16. 6 2/25 55 18. 9 3/30 68 24. 1 4/29 70 25.2 5/30 0 .0
1971 12/30 40 9.4 2 / 2 55 2 1 . 0 3/2 69 24. 6 4/1 76 30. 6 4/29 53 23.7 5/27 0 .0
1972 12/27 48 12.2 1/31 77 27. 0 3/2 108 37. 4 3/30 80 36. 3 4/27 76 36.1 5/30 7 4.5
1973 12/28 26 6.1 2/1 38 9. 4 3/1 39 13. 2 3/29 41 14. 3 5/2 10 4.5
1974 12/27 53 12.6 2 / 8 87 25. 4 2/25 85 29. 0 3/29 88 36. 4 4/30 58 27.2 5/29 22 12.0
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A-4. Monthly a i r  temperatures in  the B i t te r ro o t  Region (^F .)
1968 St. Mary's Peak (Elev. 2845 m.) 
Mean Da ily
McCalla Lake (Elev. 2442 m.) 
Mean Daily
Mo. 
mi n.
Min. Mean Max. Mo,
max.
Mo. 
mi n.
Min. Mean Max. Mo.
max
Jan. - 1 2 6 11 16 35 - 1 2 9.7 15.1 20.5 40
Feb. - 6 16.1 19.8 23.5 37 - 6 16.0 22.1 28.3 45
Mar. 5 16.3 21.3 26.3 40 5 15.3 22.3 29.4 49
Apr. 1 13.0 18.9 24.9 48 2 14.6 22.1 29.7 54
May 9 23.1 28.7 34.4 44 11 25,8 32.6 39.3 51
June 19 31.1 36.7 42.2 60 22 34.6 40.5 46.5 65
Ju ly 25 41.4 49.9 58.5 70 32 42.5 52.0 61.5 72
Aug. 24 37.3 43.2 49.1 65 27 40.2 47.3 54.4 70
Sept. 16 31.6 36.7 41.8 66 19 33.0 39.4 45.8 69
Oct. 11 20.7 26.1 31.6 48 12 23.0 29.5 36.1 54
Nov. 1 13.7 18.2 2 2 . 8 35 4 15.2 2 0 . 0 24.7 37
Dec. -29 4.5 9.6 14.7 29 -26 6.3 11.4 16.5 27
1968 MEAN 26.7 29.5
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Appendix B
B--1. Di ssimi l a r i t y Index
CS AV VE PS RL HW P DC PX L AB
CS 87.1 99.0 89.6 97.0 97.4 96.4 97.9 99.5 1 0 0 . 0 97.9
AV 86.5 74.9 80.4 86.3 82.5 76.0 90.6 96.6 96.6
VE 55.5 79.4 58.1 49.5 81.2 63.6 6 8 . 2 97.4
PS 77.1 66.7 74.4 80.0 78.4 76.9 89.0
RL 71.8 84.2 71.5 87.7 96.0 98.5
HW 55.0 70.6 56.3 68.7 93.6
P 70.2 56.3 68.7 93.6
DC 76.3 93.2 97.9
PX 66.7 99.5
L 79.2
A3
CS ( Calamaqrostis-Solidago) 
AV (As te r-V acc i ni uipl  
VE ( Vaccinium Edge)
PS ( Popu lus-S a lix )
RL (Rock Led^ë)
HW (Headwall)
P (Polygonum)
DC (Dry Creek)
PX (Pinus-Xerophyllum) 
L ( Ledum)
AB (A lnus-Boykin ia)
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B-2. Location o f  Ohio S lide  communities on the x and y axes 
o f  a B ray-Curtis  o rd in a t io n  model.
Community Type Re la tive  Distance on Each Axis
X Axis Y Axis
Rock Ledge 0 60.2
Headwall 25.2 81.7
A ste r- Vaccini um 34.7 52.3
Dry Creek 26.5 72.4
Vaccini um-Edge 33.1 86.3
Polygonum 40.8 96.4
Pi nus-Xerophyl1um 38.0 83.1
Calamaqrostis-Solidago 48.4 0
Populus-Salix  39.2 61.1
Ledum 64.2 75.6
Alnus-Boyki nia 98.5 52.5
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B-3. So il moisture values fo r  community types on Ohio S lide .
(7 /9 /75 -9 /3 /75 )
Communi ty  
Type 7/9
Month/Day 
7/22 8/4 8/19 9/3
Rock Ledge 3.6-L 6.7 5.8 30.5-H 15.8
Headwal1 14.4 3.9-L 6.9 14.8-H
A ster-
Vaccinium
Dry Creek
Vacci ni um- 
Edge
Polygonum
21.3-H
10.7-L
141.2-H
17.3
Pinus- 56.4-H
Xerophyllum
Cal amagrostis- 47.6 
Solidago
Populus- 
Sal ix
Ledum
23.8
106.3
A1nus-
Boykinia
Season Highs (H) 4 
Season Lows (L) 3
12.3
17.4
44.9
2918
36.0
34.9
58.0-H
121.5
6 . 8 -L 17.3
31.6 16.5
12.5-L 69.6
14.9-L 67 .2-H
18.9-L 28.3
19.4-L 45.5
23.4-L 26.7
130.5-H 93.0
371.1-L 673.3-H 484.6 533.9
15.3
50.0-H
29.6
58.2 
30.5
59.8-H
35.2
56.9-L 
397.6
3
1
B-4. Average % cover values fo r  each species w ith in  
the moisture segments on Ohio S lide .
(A d if fe re n ce  o f  1.0 o r  more un its  
is  considered a peak.)
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SPECIES
I I I  I I I  IV V
HYDRIC MESO-HYDRIC MESIC MESO-XERIC XERIC
PEAK IN SEGMENT I 
Alnus si nuata 
Boykinia major 
Ledum glandulosum 
Mimulus 1ewi si i 
Polygonum
phyto laccaefo l i um 
Rubus p a rv i f lo ru s  
Vaccin ium scoparium
PEAK IN SEGMENT I I  
Acer glabrum 
Agastache u r t i c i f o l i a  
Angel icâTargu ta 
Aster fo liaceus  
Calamagrostis canadensi 
C laytonia lanceolata 
Col lomiaT'l in e a r is  
Fragaria vesca 
Galium t r i f lo r u m  
Hackelia f lo r ibu nd a  
Heracleum lanatJm 
Hesperochiron pumilus 
Linanthus
sep ten tr iona l is  
Melica spectab i1 is  
Qsmorhiza occ identa l is  
P e d icu la r is  racemose 
Phleum pretense 
Populus tremuloides 
Ranunculus populago 
S a lix  Seouleriana 
Sambucus racemose
Senecio t r ia n g u la r is  
Solidago canadensis 
Sorbus scopuli na 
Symphoricarpos albus 
Tha iic trum  occ identa le  
VaTerianâT"si tchens is  
Veratrum v i r id e
PEAK IN SEGMENT I I I  
Anaphalis margaritacea 
Anemone pi peri
25.3 1 . 0 0 0 0
26.4 1.9 0 0 0
27.5 0 0 0 0
2 . 0 0 0 0 0
6 . 2 0 2.3 1.1 0
1 . 6 1 . 0 0 0 0
4.3 0 1.5 1 . 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 16.2 0 1 . 0 1 . 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1.3 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 6.9 0 1 . 2 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
1 . 0 6 .5 1 . 0 1 . 0 0
0 1 . 0 0 0 0
0 9.3 1 . 0 0 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 13.2 0 1.1 1 . 0
0 4.2 1 . 0 0 0
0 3.2 0 1.5 0
1 . 0 4.5 1 . 0 0 1 . 0
0 1 . 0 0 0 0
0 1 . 0 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
B-4. (c o n t in u e d )
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SPECIES
PEAK IN SEGMENT I I I  
(continued)
Arabi s drummondi i 
Arnica c o r d i fo l ia  
Campanula p a rry i 
Cicuta doug las ii 
Eriogonum p y ro l i  f o l i  um 
Lonicera utahensis 
P e d icu la r is  bracteosa 
Penstemon flavescens 
Picea engelmannii 
Polemonium pulcherrimum 
Rosa woodsi1 
Vaccinium g lobu lare  
Xerophyl1um tenax
PEAK IN SEGMENT IV 
Agropyron spicaturn 
Aster in te g r i f o l iu s  
Aster stenomeres 
Carex hoodii
C a s t i l le ja  h isp ida 
Elymus glaucus 
Eriogonum flavum 
Eriogonum umbel latum 
Haplopappus
s u ffru t ic o s u s  
Juncus p a rry i 
Ko el e r ia  c r is ta ta  
Phi ox di f fusa  
Vaccinium caespitosum
PEAK IN SEGMENT V 
Amelanchier a l ni f o l ia  
Apocynum
androsaemi fo l ium 
Balsamorhiza sagi t ta ta  
Carex sc irpo idea 
Cheilanthes g ra c i l l im a  
Col 1in s ia  p a rv i f lo ra  
Delphinium b ic o lo r  
Dodecatheon je f f r e y i  
Dodecatheon pu lch e l1um 
Erjge ro F  caesp itosus 
Heuchera g r o s s u la r i i f o l ia  
Hieracium a lbertinum  
Hypericum formosum 
Mimulus breweri
I I I I I I IV V
lYDRIC MESO-HYDRIC MESIC MESO-XERIC XERIC
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 0 1 . 0 0 0
0 1 . 0 1.5 1 . 0 1 . 0
1 . 0 1 . 0 6 . 8 4.6 0
12.4 6.1 33.2 2 . 2 5.8
0 0 1.1 2.3 1.3
0 1 . 0 1 . 0 13.3 2 . 6
0 0 0 1 . 0 0
0 1.4 1 . 0 3.5 1 . 0
0 0 0 1 . 0 0
0 0 0 1 . 0 0
0 0 1 . 0 2 . 6 1 . 0
0 0 1 . 0 4.0 0
0 0 0 1 . 0 0
0 1 . 0 1 . 0 3.4 1 . 0
0 0 0 1.5 1 . 0
0 0 0 1.9 1.1
1 . 0 2.3 2 . 2 1 0 . 2 1 . 2
0 4.0 7.1 1 . 0 1 1 . 0
0 0 0 0 1 . 2
0 0 0 0 1 . 2
0 0 0 0 2.4
0 0 0 0 1 . 0
0 0 0 0 1 . 0
0 0 0 0 1 . 0
0 0 0 0 1 . 0
0 0 0 0 1 . 0
0 0 0 0 1 . 0
0 0 1 . 0 1 . 0 2.5
0 0 1 . 0 1 . 2 2.4
0 0 0 1 . 0 5.5
0 0 0 0 1 . 0
B-4. (co n t in u e d )
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SPECIES I I I I I I IV V
HYDRIC MESO-HYDRIC MESIC MESO-XERIC XER]
PEAK IN SEGMENT V 
(continued)
Mimulus gu tta tus 0 0 0 0 1 . 0
Orobanche uni f lo ra 0 0 0 0 1 . 0
Penstemon e l l i p t i c u s 0 0 1 . 0 0 1.5
Pinus a lb ic a u l is 1.1 0 2 . 6 1 . 0 4.5
Pinus con to rta 0 0 1 . 0 0 1 . 6
Pinus ponderosa 0 0 0 0 1 . 0
S e lag in e lla  densa 0 0 0 0 4.0
Suksdorfia 0 0 0 0 1 . 0
ra n u n c u l i fo l ia
Veronica s e rp y l1i f o l i a 0 0 0 0 1 . 0
Zigadenus venenosus 0 0 0 0 1 . 0
PEAKS IN ADJACENT SEGMENTS
A ch il le a  m i l le fo l iu m 0 1 . 0 1 . 0 1.1 1 . 0
Antennaria m icrophy lla 0 0 1 . 0 1 . 0 1 . 0
Arenaria c a p i l la r i s 0 0 1 . 2 1 . 0 1 . 0
Arenaria congesta 0 0 1 . 0 1.3 2 . 2
Artem is ia  ludovic iana 0 0 1 . 0 1 . 0 0
A sp ido tis  densa 0 0 1 . 0 1 . 0 1 . 2
Carex geyeri 0 2.4 7.3 6.4 5.7
C a s t i l le ja  cov il le an a 0 0 0 1 . 0 1 . 0
C a s t i l le ja  mi ni ata 0 1 . 0 1 . 0 0 0
C a s t i l le ja  r h e x i fo l ia 0 0 1 . 0 1 . 0 0
Danthonia intermedia 0 0 0 1 . 0 1 . 0
Epilobium angus tifo lium 0 1.3 1 . 0 0 0
Lomatium sp. 0 0 0 1 . 2 1 . 0
Lomatium t r i te rn a tu m 0 0 1 . 0 1 . 0 0
Lonicera invo luc ra ta 0 1 . 2 1 . 0 0 0
Oryzopsis exiqua 0 0 1 . 0 1 . 0 1 . 0
Penstemon a lb e r t in u s 0 0 1 . 0 1 . 0 1.4
P o te n t i l la  glandulosa 0 1 . 0 1 . 0 1 . 0 1 . 0
Prunus v irg in ia n a 0 0 1 . 0 1 . 0 0
Pterid ium  aquilinum 1 . 2 1.3 0 0 0
Ribes la cu s tre 0 0 1 . 0 1 . 0 0
Rubus idaeus 0 1 . 0 1 . 0 0 0
Sedum stenopetalum 0 1 . 0 0 1 . 0 1 . 0
Senecio integerriumus 0 1 . 0 1 . 0 1 . 0 1 .0
Senecio serra 0 1 . 0 1 . 0 0 0
Smilacina s te l la ta 1 . 0 1 . 0 0 0 0
Spiraea b e t u l i f o l i a 0 1 . 0 1 . 0 1 . 0 1 . 0
T r i l l i u m  ovatum 1 . 0 1 . 0 0 0 0
PEAKS IN ALTERNATE SEGMENTS
Abies las iocarpa 3.9 1 . 0 3.5 1 . 0 2 . 0
Antennaria luzu lo ides 0 0 1 . 0 0 1 . 0
Berberis repens 0 1 . 0 1 . 0 0 1 . 0
Brodiaea doug las ii 0 1 . 0 0 1 . 0 0
B-4. (continued)
I  I I  I I I  IV V
SPECIES HYDRIC MESO-HYDRIC MESIC MESO-XERIC XERIC
PEAKS IN ALTERNATE SEGMENTS 
(continued)
Bromus carlna tus 0 2 . 0 0 1 . 0 1.3
Ceanothus ve lu t inus 0 1 . 0 0 0 1 . 0
Erythronium 0 1 . 0 0 0 1 . 0
grandi florum
Jumperus commums 1 . 0 0 1 . 0 0 1 . 0
Ligusticum te n u ifo l iu m 0 1 . 0 0 1 . 0 0
Phyllodoce 1 . 0 0 1 . 0 0 0
empetriform is
Poa in t e r io r 0 1 . 0 1 . 0 1 . 0 1 . 0
Pseudotsuqa menziesii 1 . 0 0 1 . 0 1 . 0 0
Rumex ace tose lla 0 1 . 0 0 0 1 . 0
Smilacina racemosa 0 1 . 0 0 0 0
Stipa occ identa l is 0 1 . 0 0 1 . 0 0
I I I I I IV V
MESO-HYDRIC MESIC MESO-XERIC XER:
10.4 13.7 1.1 5.2
0.9 0 0 0
9.8 0 0 0
0 0 0 0
0 0 0 0
2.7 0 0 0
0 1 1 . 2 1.1 0
122
B-5. Average % frequency values fo r  each species 
w i th in  the moisture segments on Ohio S lide .
(A d if fe re n ce  o f  2.5 o r more 
un its  is  considered a peak.)
I
SPECIES HYDRIC
PEAK IN SEGMENT I 
Abies las iocarpa 19.3
Alnus s inuata 38.7
Boykinia major 54.0
Ledum glandulosum 54.2
Mimulus le w is i i  6.3
Pterid ium  aquilinum 11.9
Vaccinium scoparium 21.2
PEAK IN SEGMENT I I
Acer glabrum 0 I
Agastache u r t i c i f o l i a  0
Angelica arguta 0
Aster fo l iace us  0
Bromus carina tus  0
Calamaqrostis 0 '
canadensis ^ «
C laytonia lanceo la ta  0 ^ ^
Col lomi~a~l in e a r i s 0 T / .
Epilobium angus t ifo l ium  0 9*2
Fragaria vesca 0 •
Galium t r i f lo r u m  0 '
Hackelia f lo r ibu nd a  0
Heracleum lanatum 0 ' 2 3
Hesperochiron pumil us 0 '
Ligusticum te n u ifo l iu m  0 •
Linanthus 0
sep ten tr iona l is  . g
Lonicera in vo luc ra ta  0 'o
Melica s p e c ta b i l is  0 1 'g
Osmorhiza occ identa l is  0 *g
P e d icu la r is  racemosa 0
Phleum pratense 0 21*5
Populus tremuloides 2.4 2 3
Ranunculus populago 0 24*1
S a lix  SCOÏÏIeriana 0 1 *g
Sambucus racemosa 0 7*1
Senecio serra 9 7*3
Senecio t r ia n g u la r is  0
Sttiifaclna s te l la ta  2.4
So li dago canadensi s 0 ^ $ [ 2
Sorbus scopu lin a  0 ?? 5
Symphoricarpos albus 0
0 0 0
0 0 0
0 0 0
0 0 0
0 7.7 5.3
0 7.7 0 . 6
0 0 0
0 0 0
3.7 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 3.9 0
0 0 0
0 . 8 0 0
0 7.7 0
0 0 0
0 0 0
0 0 0
0 . 8 3.9 0
0 0 0
3.1 0 0
0 0 0
0 . 8 0 0
0 0 0
0 0 0
0 3.9 0 . 6
5.3 0 0
0 3.9 0
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SPECIES
I
HYDRIC
I I
MESO-HYDRIC
I I I
MESIC
IV
MESO-XERIC
V
XERIC
PEAK IN SEGMENT I I  
(continued)
Tha iic trum  occ identa le 4.8 26.8 1 0 . 6 0 0 . 6
Valeriana s itche ns is 0 6 . 8 0 0 0
Veratrum v i r id e 0 1 . 8 0 0 0
PEAK IN SEGMENT I I I
Anaphalis margaritacea 0 0 2.3 0 0
Anemone p ip e r i 0 0 2.3 0 0
Arabis drummondii 0 0 1.5 0 0
Arnica c o r d i fo l ia 0 0 3.1 0 0
Campanula p a rry i 0 0 2 . 2 0 0
Cicuta doug las ii 0 0 1.5 0 0
Eriogonum pyro l i f o l  ium 0 0 1.5 0 0
Juniperus communis 1.9 0 4.7 0 1.7
Lonicera utahensis 0 0 3.8 0 0
P ed icu la r is  bracteosa 0 0 2.3 0 0
Penstemon flavescens 0 0 5.2 0 0
Picea engelmannii 0 0 2.3 0 0
Pinus con to rta 0 0 5.3 0 0.7
Polemonium pulcherrimum 0 0 2 . 2 0 0
Polygonum 11.9 0 20.7 11.5 0
phyto laccaefo l i um
Ribes la cu s tre 0 0 6.5 2.1 0
Xerophyllum tenax 34.6 16.6 59.3 5.2 14.9
PEAK IN SEGMENT IV
A ch il le a  m il le fo l iu m 0 14.1 11.3 29.6 12.9
Agropyron spicatum 0 0 5.8 13.3 7.0
Antennaria m icrophylla 0 0 1.9 8.7 1.7
Arenaria c a p i l la r i s 0 0 9.6 12.5 3.6
Arenaria congesta 0 0 1.5 32.8 22.9
Aster in te g r i f o l iu s 0 6 . 8 5.8 57.2 22.4
Aster stenomeres 0 0 0 7.7 0
Carex geyeri 0 13.4 37.5 44.6 32.4
Carex hoodii 0 6 . 8 0.7 9.8 3.0
C a s t i l la  h isp ida 0 0 0 2.1 0
C a s t i l le ja  rh e x i fo l ia 0 0 1.5 6 . 0 0
Elymus glaucus 0 0 0 2.1 0
Eriogonum flavum 0 0 3.6 6.3 1 . 2
Eriogonum umbel latum 0 0 0.5 26.6 0
Haplopappus 0 0 0 2.1 0
s u f f ru t ic o s u s
Juncus p a rry i 0 0.9 5.7 17.8 5.0
Lomatium sp. 0 0 0 10.4 5.5
Phlox d i f fu s a 0 0 0 9.4 6.5
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SPECIES
PEAK IN SEGMENT IV 
(continued) 
Pseudotsuga menziesi1 
Rosa woodsii 
Rumex ace tose lla  
Sedum stenopetaTum 
Senecio in tegerrim us 
Vacci ni um caespi tosum 
Vaccinium ÿ l^ b u ïa rF
PEAK IN SEGMENT V 
Amelanchier a lni f o l i a
Apocynum androsaemifol i um 
Asp ido ti s densa 
Balsmorhiza sagi t ta ta  
Berberis repens 
Carex sci rpoidea 
C a s t i l le ja  cov il le an a  
Cheilanthes g ra c i11ima 
Coll in s ia  parvi f lo ra  
DelphiniTTm bi coTor 
Dodecatheon j e f f r e y i 
Dodecatheon pulcheTTum 
Erigeron caespitosus 
Heuchera g ro ssu la r i i  fo l  ia  
Mimulus breweri 
Mimulus gu tta tus  
Orobanche unifTo~ra 
Penstemon a lb e r t in u s  
Penstemon el 1ip t ic u s  
Pinus ponderosa 
S e la g in e lla  densa 
Spiraea b e t u l i f o l i a  
Suksdorfia
ranunculi fo l  ia
I I I I I I IV V
lYDRIC MESO-HYDRIC MESIC MESO-XERIC XER]
3.8 0 2.3 19.0 0
0 6.3 6 . 8 11 . 6 8 . 6
0 2.3 0 7.7 0
0 4.6 0 15.4 11.7
0 5.4 3.8 1 2 . 2 4.4
15.4 15.7 18.4 40.2 9.3
1 . 0 6.3 25.9 34.1 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
20.1
0
0
0
0.9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9.0
0
24.2
0
0.6
0
2.9
0
0
0
0
0
0
0
0
0.5
0
0
0
1.5
0.5
0
0
15.0
0
7.7
0
2.1
0
0
0
2.1
0
0
0
0
0
0
3.2
0
0
0
1.1
0
0
0
11.6
0
32.9
9.8
5.0 
1 . 2
8.7 
17.6
7.9
1.1 
1.1 
3.3 
5.5 
1.1 
1.1
12.8
2. 2
2.8  
2.8
12.4
4.9 
1.1
24.8
21.5 
7.7
Veronica s e rp y l1i f o l i a 0 0 0 0 1.1
Zigadenus venenosus 0 0 0 0 2 . 2
PEAKS IN ADJACENT SEGMENTS
Artem is ia  ludov ic iana 0 0 0.7 2 . 2 0
C a s t i l le ja  mi ni ata 0 0.9 1.5 0 0
Danthonia intermedia 0 0 0 3.9 4.4
HferacTum a lbertinum 0 0 11.1 16.4 17.0
Hypericum formosum 0 0 0 8.4 7.4
Koeleria  c r is ta ta 0 0 0 3.9 5.0
Lomatium t r i te rn a tu m 0 0 3.3 3.2 0
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I I I I I I IV V
SPECIES HYDRIC MESO-HYDRIC MESIC MESO-XERIC XERI
PEAKS IN ADJACENT SEGMENTS 
(continued)
Oryzopsis exigua 0 0 3.5 1.1 1.1
P o te n t i l la  glandulosa 0 1 . 8 1.5 7.7 7.2
Prunus v irg in ia n a 0 0 3.0 3.9 0
Ribes la cu s tre 0 0 2 . 2 1.1 0
Rubus idaeus 0 0.9 2 . 2 0 0
T r i l l i u m  ovatum 2.4 1 . 8 0 0 0
PEAKS IN ALTERNATE SEGMENTS
Antennaria luzu lo ides 0 0 1 . 8 0 2 . 8
Brodiaea doug las ii 0 5.0 0 4.9 0
E rythron i um 0 1 . 8 0 0 2.4
grandi f lorum
Pinus a lb ic a u l is 10.1 0 17.6 2 . 2 1 / . 2
PhyTlodoce 3.8 0 2.3 0 0
empetriform is
Poa in t e r io r 0 1 0 . 0 1 .b /.Ü 8.3
Smilacina racemosa 0 3.6 0 0 2.4
Stipa occ identa l is 0 2.3 0 3.9 0
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Community
Type
Rock Ledge
Headwall
A s te r-
Vaccinium
Dry Creek
Vaccinium-
Edge
Polygonum
Pinus-
Xerophyl1um
Calamaqrostis- 
Solidago
Populus- 
Sal i X
Ledum
B-6 . So il c h a ra c te r is t ic s  o f  community 
types on Ohio S lide .
Average
Soil So il Soil pH pH
Moisture Texture Depth (cm) 0-10 cm 10-20 cm
x e r ic  gravel 10
xeric  gravel 22
Alnus-
meso-
xe r ic
meso-
xe r ic
mesic
mes 1 C
mesic
meso-
hydric
meso-
hydric
hydric  
hydri c
B o y k in ia
gravel
gravel
sandy-
gravel
sandy-
gravel
sandy-
gravel
loam
sandy-
loam
sandy-
loam
sandy-
loam
20
14
22
18
20
50
30
24
30
4.55
4.90
4.80 
4.68 
4.95 
4.70 
4.75 
4.50 
4.65
4.80 
4.45
4.65
5.10
5.15
4.80
4.68
4.90
4.60
4.90
4.50
B-7. S ite  aspect, average percent slope, 
and to ta l  percent p lan t cover fo r  
community types o f  Ohio S lide .
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Community
Type
Rock Ledge 
Headwal1
A ste r-
Vacci ni um
Dry Creek
Vaccinium
Edge
Polygonum
Pinus-
Xerophyl1um
Calamaqrostis- 
Solidago
Populus- 
S a lix
Ledum
Alnus-
Average 
% Slope
73%
75
25
63
55 
62 
50 
18
56 
66 
55
S ite
Aspect
S
S
S
S-SE
S
S
SE
S
S
sw
sw
Total % 
Plant Cover
57.2%
79.9 
75.0 
62.4
103.7
90.6
58.2
82.9
115.4 
103.6
126.4
B o y k in ia
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B-8 . Presence data fo r  the community types on Ohio S lid e ; 
Calamaqrostis-Sol1 dago (CS), Aster-Vaccinium (AV), 
Populus-S a l ix {P S ) ,  Vaccinium Edge (VE), Rock 
Ledge T rH T  Headwair (HW), Dry Creek (DC), 
A lnus-Boykin ia (AB), Polygonum (P),
Ledum (L ) ,  Pinus-Xerophyl1um (PX).
SPECIES CS AV PS VE RL HW DC AB L PX
Abies las iocarpa 
Acer glabrum 
A c h il le a  m i l le fo l iu m  
Agastache u r t i c i f o l i a  
Agoseris aurantiaca 
Agropyron spicatum 
Alnus sinuata 
Amelanchier a lni f o l i a
Anaphalis margaritacea 
Anemone pi peri 
Angelica arguta 
Antennaria luzu lo ides  
Antennaria m icrophy lla  
Apocynum androsaemifolium 
Arabi s drummondi i 
Arenaria c a ^ iT ta r is  
Arenaria congesta 
Arnica cord i f o l i a  
Arnica l a t i f o l i i " "
Arnica moll is  
A rtem is ia  ludovic iana 
A sp ido t is  densa 
Aster conspicuus 
A s te r fo l ia c e u s "
Aster in te g r i  f o l i  us 
Aster stenomeres 
Balsamorhiza sagi t ta ta  
Berberi s repens 
Boykinia major 
Brodiaea doug las ii 
Bromus carina tus  
Calachortus elegans 
Calamagrostis canadensis 
Campanula pa rry i 
Carex geyeri 
Carex hoodi i 
ta rex sc i rpoidea 
t a s t f l l e j a  cov il leana  
Cast i 1le ja  h isp ida 
C a s t i l le ja  mi ni ata 
C a s t i l le ja  rhexi f o l i a
X
X
X X X  
X X
X X
X
X
B-8 . (c o n t in u e d )  I 29
SPECIES CS AV PS VE RL HW DC AB P L PX
Ceanothus ve lu t in us  x x
Cheilanthes g ra c i11ima x
Cicuta doug las ii x
Cirsium hookeriana x
Clrsium tweedi i x
C layton ia  lanceo la ta  x
Coll in s ia  parvi f lo r a  x
Collomia 1i  neari s x
Danthonia intermedia x x
Dodecatheon j e f f r e y i  x
Dodecatheon pulchelIum x
Epilobium angus tifo lium  x x x
Erigeron caespi tosum x
Eriogonum flavum x x x
Eriogonum p y ro l i fo l iu m  x
Eriogonum umbel 1atum x x x
Erythronium grandi florum x x
Fragaria vesca x
Galium t r i f lo r u m  x
Hackel ia  f lo r ibunda  x
Haplopappus s u f f ru t ic o s u s  x
Heracleum 1anatum x
Hesperochiron pumilus x
Heuchera g r o s s u la r i i f o l ia  x x x x
Hieracium albertinum  x x x x x x  x x
Hi era c i um al bi florum x
Hypericum formosum x x x
Juncus pa rry i x x x x
Juncus tenu is
Juniperus communis x x x x
Koeleria  c r is ta ta  x x
Ledum glandulosum x x
Ligusticum te n u ifo l iu m  x x
Linanthus sep ten tr iona l is  x
Lomati um t r i  ternatum x x
Lomatium sp. x x
Lonicera in vo luc ra ta  x x
Lonicera utahensis x x
Melica spectab i1 is  x x
M icroseri s nutans x
Mimulus breweri x
Mimulus gu tta tus  x
M^imulus le w is i i  x x
Orobanche uni f lo ra  x
Oryzopsi s exi gua x x x x
Osmorhiza occ identa l is  x
P e d icu la r is  bracteosa x
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P e d icu la r is  racemosa x
X X X X
X
Penstemon a lb e r t in u s
Penstemon e l l i p t i c u s
Penstemon flavescens
Phi eum pratense
Phlox di ffusa  x x x
Phyllodoce empetriform is x
P icea engelmannii x
Pinus a lb ica u l is  x x x x x x x x
Pinus con to rta  x x x
Pinus ponderosa x
Poa in t e r io r  x x x x x x x
Polemonium pulcherrimum x
Polygonum phyto laccaefo lium  x x x x
Populus tremulo i des x x x x
Potenti11a glandulosa x x x x
Prunus v i r q i  ni ana x x
Pseudotsuqa menziesii x x x
P terid ium  aqu il inum  x x x
Ranunculus populaqo x
Ribes la cu s tre  x x
Rosa woodsi i x x x x x
Rubus idaeus x x
Rubus p a rv i f lo ru s  x x
Rumex ace tose lla  x x
S a lix  scouleriana x x x
Sambucus racemosa x
Sedum stenopetalum x x x x
S e laq in e lla  densa x
Senecio in tegerrim us x x x x x x x
Senecio serra x x x
Senecio t r ia n g u la r is  x x
S ilene doug las ii x x
Smilacina racemosa x x
Smilacina s te l la ta  x x
Solidaqo canadensfs x x x x x
Sorbus scopul1na x x
Spi raea b e tu l i  f o l i a  x x x x x x
Spi raea densi f lo r a  x x x x x x
Spi ranthes romanzoffiana x
S t i pa occ identa l is  x x
Suksdorfia ra n u n c u l i fo l ia  x
Symphoricarpos al bus x x x
Thai Ic trum  occidenta l e x x x x
T r i l l i u m  ovatum x x
Vaccinium caespi tosum x x x x x x x  x x
Vacci ni um g lobu lare  x x x x x x
Vaccinium scoparium x x x x x
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Valeriana s itche ns is  x
Veratrum v i r id e  x
Veronica ser p y l1i f o l i a  x
Xerophyllum tenax x x x x x  x x x
Zigadenus veneosus x
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Appendix C
C-1. Vegetation zones o f  the Lost Horse area 
where species common to avalanche 
tracks are found.
SPECIES VEGETATION ZONES 
ALPINE TIMBERLINE SUBALPINE MONTANE
Abies las iocarpa 
Acer qlabrum 
A c h il le a  mi 1le fo l iu m  
Agastache u r t i c i  f o l i a  
Agoseris aurantiaca 
Agropyron spi catum 
Alnus sinuata 
Amelanchier a l n i f o l i a  
Anaphalis  margaritacea 
Anemone pi peri 
Angelica arguta 
Antennaria 1uzuloides 
Antennaria m icrophylla  
Apocynum androsaemi f o l i  um 
Arabi s drummondi i 
A rctostaphylos uva-ursi 
Arenaria c a p i l la r i s  
Arenaria congesta 
Arnica cord i f o l i a  
Arnica l a t i  f o l i a
Arnica
Arnica
lo n q i fo l ia  
mol 1 is
A rtem is ia  ludovic iana 
A sp ido tis  densa 
Aster conspicuus 
Aster fo l iace us  
A ster in te g r i f o l iu s  
A ste r stenomeres 
Balsamorhiza sagi t ta ta  
Berberi s repens 
Boykinia major 
Brodiaea doug las ii 
Bromus carlna tus 
Calachortus elegans 
Calamagrostis canadensis 
Campanula pa rry i 
Carex di sperma
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X X
X
X
X
X
X
X
X
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AL
VEGETATION ZONES 
TL SA
Carex
Carex
gey e n  
hoodi i
Carex muricata 
Carex ro s s i i
Carex sci rpoi dea 
C a s t i l le ia  c o v i1leana 
C a s ti l le d a  h is p id a 
C a s t i l le ja  mi ni ata 
C a s t i l le ja  r h e x i fo l ia  
Ceanothus ve lu t inus  
Cheilanthes g ra c i1 lima 
Chimaphila umbel la ta  
Chrysanthemum leucanthemum 
Cicuta doug las ii 
C ir s i  um hookerianum 
Ci rs i  um tweedi i 
C layton ia 
C lin to n ia
lanceolata 
uni f lo r a
Col 1i nsia parvi f lo ra  
Collomia l in e a r is
Coptis
Cornus
occidenta l is  
canadensis
Cornus s to lo n i fe ra  
Danthonia intermedia
Dodecatheon je f f r e y i  
Dodecatheon pu lch e l1um 
Elymus glacus 
Epilobium angusti f o l i  um 
Eri qeron caespi tosus 
Erigeron compositus 
Eriogonum flavum 
Eriogonum p y ro l i fo l iu m  
Eriogonum umbel latum 
Erythron i um grandi florum 
Fragaria vesca 
Gal i um t r i  florum 
Gentiana calvcosa 
Goodvera obiongi f o l i  a 
Hackelia f lo r ibu nd a  
Haplopappus s u f f ru t ico su s  
Hedvsarum occidenta le  
Heracleum lanatum 
Hesperochi ron pumi1 us 
Heuchera g r o s s u la r i i f o l ia  
Hieracium a lbertinum  
Hieracium a lb i f lo ru m  
Hypericum formosum
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
MT
X
X
X
X
X
X
X
X
X
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SPECIES VEGETATION ZONES
AL TL SA MT
Juncus e n s i fo l iu s X X
Juncus p a rry i X X X
Juncus tenu is X X
Juniperus communis X X X X
Koeleria  c r is ta ta X X
Ledum glandulosum X X X
Ligusticum te n u ifo l iu m X X X
Linanthus sep ten tr iona l is X X
Linnaea bo rea lis X X
Lomatium c u s ic k i i X X X
Lomatium sp. X X X
Lomatium t r i te rn a tu m X X X
Lonicera in vo luc ra ta X X
Lonicera utahensis X X
Luzula campestris X X
Melica s p e c ta b i l is X X
Menziesia fe rruq inea X
M icroseris  nutans X X X
M ic ro s te r is  g r a c i l i s X
Mimulus breweri X X
Mimulus gu tta tus X X
Mimulus le w is i i X X
Orobanche uni f lo ra X X
Oryzopsis exigua X X X
Osmorhiza occidenta l is X X
P e d icu la r is  bracteosa X X X
P e d icu la r is  racemosa X X
Penstemon a lbe r t inu s X X X
Penstemon e l l i p t i c u s X X
Penstemon flavescens X X
Phacelia hastata X X X
Philadelphus le w is i i X X
Phleum pratense X X
Phlox d i f fu s a X X X
Phyllodoce empetriform is X X X
Picea engelmannii X X X
Pinus a lb ic a u l is X X
Pinus con torta X X
Pinus ponderosa X X
Poa in t e r io r X X X
Polemonium pulcherrimum X X
Polygonum phyto laccaefo lium X X
Populus tremuloides X X
P o te n t i l la  glandulosa X X X X
Prunus v irg in ia n a X X
Pseudotsuqa menziesii X X
Pterid ium  aquilinum X X
Ranunculus populago X X
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Ribes la cu s tre X X
Rosa woodsi i 
Rubus idaeus X X
X
X
Rubus p a rv i f lo ru s X X
S a lix  scouleriana X X
Sambucus racemosa X X
Sedum stenopetalum X X
S e lag iq e lla  densa x X X X
Senecio in tegerrim us X X X
Senecio serra X X
Senecio t r ia n g u la r is X X X
Shedherdia canadensis X X
Silene doug las ii X X
S itan ion  h y s t r ix X X
Smilacina racemosa X X
Smilacina s te l la ta X X
Solidaqo canadensis X X
Sorbus scopulina X X
Spiraea b e t u l i f o l i a X X
Spiraea d e n s if lo ra X X
Spiranthes romanzoffiana X X X
Stipa occ identa l is X X X
Suksdorfia ra n u n c u l i fo l ia X X
Symphoricargos albus X X
Tha iic trum  occ identa le X X
T ia r e l la  t r i f o l i a t a X X
T r i l l i u m  ovatum X X
Vaccinium caespitosum X X X
Vaccinium g lobu la re X X
Vaccinium scoparium X X X
Valeriana s itchens is X X
Veratrum v i r id e X X X
Veronica se rp y l1i f o l i a X X
Vio la  o rb ic u la ta X X
Xerophyllum tenax X X X
Zigadenus veneosus X X
C-2. Species d is t r ib u t io n  on seven avalanche tracks 
an undisturbed fo re s t  zone adjacent to  Ohio S lide . 
Undisturbed fo re s t  (U), Ohio (0 ) ,  Twin West (TW), 
Twin East (TE), North Slope (NS), Adjacent (A), 
Big (B), and North Fork (NF).
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SPECIES AVALANCHE TRACKS
U 0 TW TE NS A B NF
Abies las iocarpa X X X X X X X
Acer glabrum X X X X X X
A c h il le a  m il le fo l iu m X X X X X X X
Agastache u r t i c i f o l i a X X
Agoseris aurantiaca X
Agropyron caninum X
Agropyron spicatum X X X X X X
Alnus sinuata X X X X X
Amelanchier a ln i f o l i a X X X X X X X
Anaphalis margaritacea X X X X
Anemone pi peri X X X
Angelica arguta X
Antennaria luzu lo ides X X X
Antennaria m icrophylla X X X X X
Apocynum androsaemifolium X X X X X
Arabis drummondii X
Arctostaphylos uva-ursi X
Arenaria c a p i l la r i s X X X
Arenaria congesta X X X X X X
Arnica c o r d i fo l ia X X X X
Arnica l a t i f o l i a X X X X
Arnica 1o n g i fo l ia X
Arnica m o l l is X
Artem is ia  ludovic iana X X
A sp ido tis  densa X X X X
Aster conspicuus X X X
Aster fo liaceus X X X X X X
Aster in te g r i f o l iu s X X X X X X
Aster stenomeres X
Balsamorhiza s a g it ta ta X
Berberis repens X X X X X X
Boykinia major X X X X X X
Brodiaea doug las ii X X X X
Bromus carina tus X X X
Calachortus elegans X
Calamaqrostis canadensis X X X X X X X X
Campanula p a r ry i X X X X X
Carex disperma X
Carex g ^ e r i X X X X X X X X
Carex hoodii X X
Carex muricata X
Carex ro s s i i X
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Carex sc irpo idea X X X
C a s t i l le i  a cov il leana X X X X X
C a s t i l le ia  h isp ida X
C a s t i l le ja  m in ia ta X X X X X X
C a s t i l le ja  r h e x i fo l ia X X X X X X
Ceanothus ve lu t inus X X X X
Cheilanthes g ra c i l l im a X X
Chimaphila umbel la ta X
Chrysanthemum leucanthemum X
Cicuta doug las ii X X
Cirsium hookerianum X X X X
Cirsium tweedii X X X X
Clayton ia lanceolata 
Cl in to n ia  uni f lo ra  
Col 1in s i  a parv i f lo r a  
Collomia 1in e a r i s 
Coptis o cc id e n ta l is  
Cornus canadensis 
Cornus s to lo n i fera 
Danthonia intermedia 
Delphinium b ic o lo r  
Dodecatheon je f f r e y i  
Dodecatheon pulchellum 
Elymus glaucus 
Epilobium angusti f o l i  um 
Erigeron caespi tosum 
Erigeron compositus 
Eriogonum flavum 
Eriogonum p y ro l i fo l iu m  
E ry th ron i um grandi florum 
Fragaria vesca 
Ga 1 i um t r i  f lorum 
Gentiana calycosa 
Goodyera obiongi f o l ia  
Hackel ia  f lo r ibunda  
Haplopappus s u f f ru t ic o s u s  
Hedysarum occ identa le  
Heracleum lanatum 
Hesperochi ron pumi1 us 
Heuchera g r o s s u la r i i f o l ia  
H ierac i um a lbertinum  
Hieracium a lb i  florum 
Hypericum formosum 
Juncus e n s i fo l iu s  
Juncus pa rry i 
Juncus tenuis
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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Juniperus communis X X X X X X X
Koeleria  c r is ta ta X X X X X
Ledum qlandulosum X X X X X X
Ligusticum te n u ifo l iu m X X X X
Linanthus sep ten tr iona l is X
Linnaea bo rea lis X X
Lomatium c u s ic k i i X
Lomatium sp. X
Lomatium tr i te rn a tu m X
Lonicera in vo luc ra ta X X
Lonicera utahensis X X X X X X
Luzula campestris X X
Melica s p e c ta b i l is X X X
Menziesia fe rrug inea X
M icroseris  nutans X X
M ic ro s te r is  g r a c i l i s X
Mimulus breweri X
Mimulus gu tta tus X
Mimulus le w is i i X X X
Orobanche uni f lo ra X
Oryzopsis exigua X X X X X X
Osmorhiza occ identa l is X X X
P e d icu la r is  bracteosa X X
P e d icu la r is  racemosa X
Penstemon a lb e r t in u s X X X X
Penstemon e l l i p t i c u s X X X X X X
Penstemon flavescens X
Phacelia hastata X
Philadelphus le w is i i X X
Phleum pratense X
Phlox d i f fu s a X X X X X X
Phyllodoce empetriform is X X X
Picea engelmannii X X X X X
Pinus a lb ic a u l is X X X X X X X
Pinus con to rta X X X X X X X
Pinus ponderosa X X
Poa i n t e r io r X X X X X X
Polemonium pulcherrimum X X X
Polygonum ohyto laccaefo lium X X X X X X X
Populus tremuloides X X X X
P o te n t i l la  glandulosa X X X X X
Prunus v irg in ia n a X X
Pseudotsuqa menziesii X X X X X X X X
Pterid ium  aquilinum X X X X X X
Ranunculus populago X
Ribes la cu s tre X X X
Rosa woodsii X X X X X X X X
C-2. (c o n t in u e d )
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Rubus idaeus X X X X
Rubus p a rv i f lo ru s X X X X X X
Rumex ace tose lla X X
S a lix  scouleriana X X X X X
Sambucus racemosa X X X X
Sedum stenopetalum X X X X
S e la g in e lla  densa X X X X X X
Senecio in tegerrim us X
Senecio serra X
Senecio t r ia n g u la r is X X X X
Shedherdia canadensis X X
Silene doug las ii X X X X X
S itan ion  h y s t r ix X
Smilacina racemosa X X
Smilacina s te l la ta X X X
Solidago canadensis X X X X
Sorbus scopulina X X X X X X
Spiraea b e t u l i f o l i a X X X X X X
Spiraea densi f lo ra X X X X X
Spiranthes romanzoffiana X
Stipa occ identa l is X X X X X
Suksdorfia ranunculi f o l i a X
Symphoricarpos albus X X X X X X
Tha iic trum  occ identa le X X X X X X X
T ia re l la  t r i f o l i a t a X X
T r i l l i u m  ovatum X X X
Vaccinium caespitosum X X X X X
Vaccinium g lobu lare X X X X X X X X
Vaccinium scoparium X X X X X X
Valeriana s itchens is X X X X
Veratrum v i r id e X X X X X
Veronica s e rp y l1i f o l i a X
V io la  o rb ic u la ta X
Xerophyllum tenax X X X X X X X
Zigadenus venenosus X
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C-3. Jaccard 's c o e f f ic ie n t  o f  community values between 
seven s l id e s  in  Lost Horse Canyon. Ohio (0 ) ,  Twin 
West (TW), Twin East (TE), North Slope (NS), 
Adjacent (A), Big (B ), and North Fork (NF) 
S lides. A value was also determined 
between Ohio S lide  and the adjacent 
undisturbed fo re s t  (U).
A B NFSLIDE 0 TW TE NS
0
TW 0.517
TE 0.314 0.586
NS 0.216 0.233 0.188
A 0.486 0.540 0.461 0.228
B 0.447 0.505 0.462 0.184
NF 0.510 0.504 0.415 0.216
U 0.378
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Appendix D
D-1. Presence l i s t  o f  vascular p lan t species 
recorded on avalanche tracks and adjacent 
fo re s ts  in  Lost Horse Canyon.
SELAGINELLACEAE
S e la g in e l la densa Rydb.
POLYPODIACEAE
Aspidotus densa (Brackenr.) L e l l in g e r  
Cheilanthes g ra c i11ima P.O. Eat.
P terid ium  aquilinum ( L . ) Kuhn
CUPRESSACEAE
Juniperus communis var. montana A i t .
PINACEAE
Abies las iocarpa (Hook.) Nutt.
Picea engelmannii Parry 
Pinus a lb ic a u l is  Engelm.
Pinus con torta  Dougl.
Pi nus ponderosa Dougl.
Pseudotsuga menziesii var. glauca (Beissn.) Franco
SALICACEAE
Populus tremuloides Michx.
S a lix  scouleriana B a rra t t
BETUACEAE
Alnus si nuata (Regel) Rydb.
POLYGONACEAE
Eriogonum flavum var. pi peri (Greene) Jones 
Eriogonum p y ro l i fo l iu m  var. coryphaeum T.&G. 
Eriogonum umbel latum var. subalpinum (Greene) Jones 
Polygonum phytolaccaefolium Meisn.
Rumex ace tose lla  L.
PORTULACACEAE
Clayton ia lanceolata Pursh
CARYOPHYLLACEAE
Arenaria cap il la r i s  Poi r .
Arenaria congesta Nutt.
Si 1ene doug las ii var. doug las ii Hook.
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hypericaceae
Hypericum formosum var. norton iae (Jones) H itchc.
VIOLACEAE
Vio la  o rb ic u la ta Geyer
ELAEAGNACEAE
Shepherdia canadensis (L .)  Nutt.
ONAGRACEAE
Epilobium angusti fo liurn (L .)
UMBELLIFERAE
Angelica arguta Nutt.
Cicuta doug las ii (DC.) Coult. & Rose 
Heracleum lanatum Michx.
Ligusticum te n u ifo l iu m  Wats.
Lomatium c u s ic k i i  (Wats.) Coult. & Rose 
Lomatiurn sp.
Lomatium t r i te rn a tu m  (Pursh) Coult. & Rose 
Osmorhiza occidenta l is  (N u t t . )  Torr.
CORNACEAE
Cornus canadensis L.
Cornus s to lo n i fe ra  var. s to lo n i fe ra  Michx.
ERICACEAE
Arctostaphylos uva- urs i (L .)  Sprang 
Chimaphila umbel la ta  Tl . )  Bart.
Ledum glandulosum var. glandulosum Nutt.
Menziesia ferrug inea var. g lab e l1 a (Gray) Peck 
Phyllodoce empetri formis (Sw.) D. Don 
Vaccinium câëspitosum Michx.
Vaccinium globulare Rydb.
Vacci mum scopari urn Lei berg
PRIMULACEAE
Dodecatheon je f f r e y i  van Houtte 
Dodecatheon pulchellum (Raf.) M e r r i l l
GENTIANAÇEAE
Gentiana calycosa var. asepala (Maguire) Hitchc.
APOCYNACEAE
Apocynum androsaemi f o l i  um var. pumi1 urn Gray
POLEMONIACEAE
Collomia l in e a r is  Nutt.
Linanthus sep ten tr iona l is  Mason 
M ic ro s te r i s g r a c i l i s  (HoFk.) Greene 
Phlox d i f fu s a  Benth.
Polemomi um pul cherrimum Hook.
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RANUNCULACEAE
Anemone pi peri B r i t t .
Coptis occ identa l is  (N u t t . )  T.&G.
Delphinium b ic o lo r  Nutt.
Ranunculus populago Greene 
Tha iic trum  occ identa le  Gray
BERBERIDACEAE
Berberis repens L in d l .
CRUCIFERAE
Arabis drummondii Gray
CRASSULACEAE
Sedum stenopetal um Pursh
SAXIFRAGACEAE
Boykinia major var. major Gray
Heuchera g r o s s u la r i i f o l ia  var. g r o s s u la r i i fo l ia  Rydb. 
Suksdorfia ra n u n c u l i fo l ia  (Hook.) Engl.
T ia re l la  t r i f o l i a t a  var. u n id o l ia ta  (Hook.) Kurtz.
GROSSULARIACEAE
Ribes la cu s tre  (Pers.) P o ir .
HYDRANGEACEAE
Philadelphus le w is i i  Pursh
ROSACEAE
Amelanchier a ln i f o l i a  Nutt.
Fragaria vesca var. bracteata (H e lle r)  Davis 
P o te n t i l la  glandulosa var. intermedia (Rydb.) Hitchc. 
Prunus vi rg i ni ana L.
Rosa woodsii L in d l .
Rubus idaeus L.
Rubus p a rv i f lo ru s  Nutt.
Sorbus scopulina var. scopulina Greene 
Spiraea b e tu l i f o l ia  P a l l .
Spiraea d e n s if lo ra  var. de ns if lo ra  Nutt.
LEGUMINOSAE
Hedysarum occi dentale Greene
ACERACEAE
Acer glabrum var. doug las ii (Hook) Dippel 
RHAMNACEAE
Ceanothus ve lu t inus  var. ve lu t inus  Dougl.
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HYDROPHYLLACEAE
Hesperochiron pumilus (G riseb .) Porter 
Phacelia hasta ta  Dougl.
BORAGINACEAE
Hackelia f lo r ibu nd a  (Lehm.) Johnst.
LAB IATAE
Aqastache u r t i c i f o l i a  (Benth.) Kuntze
SCROPHULARIACEAE
C a s t i l le ja  cov il leana  Hend.
C a s t i l le ja  h isp ida var. acuta (Pennell) Ownbey 
C a s ti11eja mi ni ata var. mi ni ata Dougl.
C a s t i l le ja  r h e x i fo l ia  Rydb.
C o l l in s ia  parvi f lo r a  L in d l .
Mimulus breweri (Greene) Rydb.
Mi mu1 us qu tta tus  DC.
Mimulus le w is i i Pursh
P e d icu la r is  bracteosa var. canbyi (Gray) Cronq.
P ed icu la r is  racemosa var. alba (P enne ll) Cronq.
Penstemon a lbertinum  Greene 
Penstemon e l l i p t i c u s  Coult. & Fisch 
Penstemon flavescens Pennell
Veronica s e rp y l1i f o l i a  L. var. humifusa (Dickson) Vahl
OROBANCHACEAE
Orobanche uni f l  ora L.
RUBIACEAE
Galium t r i f lo r u m  Michx.
CAPRIFOLIACEAE
Linnaea boreal is  L.
Lonicera invo luc ra ta  var. invo lucra ta  (R ich.) Banks 
Lonicera utahensis Wats.
Sambucus racemosa var. melanocarpa (Gray) McMinn 
Symphoricarpos albus var. 1aevigatus Fern.
VALERIANACEAE
Valeriana s itche ns is  L.
CAMPANULACEAE
Campanula pa rry i var. idahoensis McVaugh
D-1. (c o n t in u e d )
COMPOSITAE
A ch il le a  m il le fo l iu m  L.
Aqoseris aurantiaca var. aurantiaca (Hook.) Greene 
Anaphalis margaritacea (L . )  B.&H.
Antennaria luzu lo ides T.&G.
Antennaria m icrophyl1 a Rydb.
Arnica c o rd i fo l ia  var. c o rd i fo l ia
Arnica l a t i f o l i a  var. g r a c i l is  (Rydb.) Cronq.
Arnica l a t i f o l i a  var. l a t i f o l i a  Bong.
Arnica lo n g i fo l ia  D.C. Eat.
Arnica mol 1is  Hook.
Artem is ia  ludovic iana Nutt.
Aster conspicuus L in d l .
Aster fo liaceus  L in d l .
Aster in te g r i f o l iu s  Nutt.
Aster stenomeres Gray 
Balsamorhiza s a q it ta ta  (Pursh) Nutt.
Chrysanthemum 1eucanthemum L.
C irsium hookerianum Nutt.
C ir s i  um fweedyi (Rydb. )  Petr.
Erigeron caespitosus Nutt.
Erigeron composi tus Pursh 
Haplopappus su f f ru t ico su s  (N u tt . )  Gray 
Hieracium a lb i f lo ru m  Hook.
Hieracium a lbertinum  Farr
M icroseris  nutans (Geyer) Schultz-B ip
Senecio in tegerrim us var. exa lta tus  (N u t t . )  Cronq.
Senecio serra Hook.
Senecio t r ia n g u la r is  var. t r ia n g u la r is  Hook.
So li dago canadensis var. sâïëbrosa (P iper) Jones
CYPERACEAE
Carex disperma Dewey 
Carex geyeri Boott 
Carex hoodi i Boott 
Carex muricata L.
Carex rossi i Boott
Carex sc irpo idea var. stenochlaena Holm 
JUNCACEAE
Juncus ensi fo l iu s  var. ensi fo l iu s  Wikst.
Juncus e n s i fo l iu s  var. montanus~TEngelm. ) Hitchc. 
Juncus pa rry i Engelm.
Juncus tenuis  var. congestus Engelm.
Luzula campestris var. m u l t i f lo r a  (Ehrh.) Celak
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GRAMINEAE
Aqropyron caninum ssp. maj i s  (Vasey) H itchc.
Aqropyron spicatum var. spicatum (Pursh) Scribn. & Smith 
Bromus carina tus var. carina tus N.&A.
Calamagrostis canadensis var. scabra (Kunth.) Hitchc.
Danthonia intermedia Vasey
Elymus glaucus var. glaucus Buckl.
Koeleria c r is ta ta  Pers.
Melica spec tab i1 is  Scribn.
Oryzopsis exiqua Thurb.
Phieum pratense L.
Poa in t e r io r  Rydb.
S itan ion  h y s t r ix  var. h y s t r ix  (N u tt . )  Smith 
Stipa occidenta l is  var. minor (Vasey) H itchc.
LILIACEAE
Brodiaea doug las ii Wats.
Calochortus elegans var. selwayensis Pursh 
C l in to n ia  uni f lo ra  (S ch u lt . )  Kunth 
Erythronium grandi f l  orum var. grandi florum Pursh 
Smilacina racemosa (L . )  Desf.
Smilacina S te l la ta (L . )  Desf.
T r i l l i u m  ovatum Pursh 
Veratrum vi r id e  A i t .
Xerophyl1um tenax (Pursh) Nutt.
Zigadenus veneosus var. gramineus (Rydb.) Walsh
ORCHIDACEAE
Goodyera obiongi fo l  ia  Raf.
Spiranthes romanzoffiana var. romanzoffiana Cham.
